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troi g»te. Other EEprom memory ceil* are provided 

HIGHLY COMPACT EPROM AND FlASH wiih • lepanic. ihifd gne for tccompiithing the enj. 

EEPROM DE^'1CES xap An true gite puta through czch memory ccU 

cnansior doidy adjacent to a surface of the Hoating 
BACKGROUND OF THE I>A^ENnON 5 gate but miuUied therefrom by a thin lunael dielectnc 

TT^is .nv.„t.ot» reiatea generally to ,em«onductor CWge then 
eiecincily progr.mm.bic re«4 oniy memones ,Eprom) to the er»e gate, wnen *«^"Y^«J^°'"«f'-YL!!^ 
aSdectncSlly eraaable programmable read only mem- to aU the traimiter dementi. An 
^TEEpromK and ^ic»lly to «a«».,ductor are generiliy ret erred to u. Hiih E^f(>« arny^b^^ 
^;Sn^r« of such memoi^proccue. of making tbem, ca« « „or, amy of ceUi. or upuficant poup of 
a^aniquea for uamg them. cdla. is ertaed iimultineouaJy (i.e.. m a fUaH 

AD eiecincally propimmable read only memory EEprom * have been found to have a limited effecuve 
(Eprom) uidixei a floatins (unconnected) conductive life. The number of cyelea of pTogrimm mg an d craamg 
gate, in a ftdd effect iramiitor itruexure, pouuoneri thai fuch a device can endure before becoming de- 
over but m»ui.t«i from a channd region in a lemicon- " gnded is finite. After a number of sucfc cycio in excesi 
duoor luonrate. between source and drmn repota. A of lO.tXJO. dependini upon io specific structure, iti pro- 
control gate ts ihoi prov»ded over the floaang laxe. but gjiamAbiiity can be reduced. Oftetw by the tune the 
alio usolaied there/rom. The threahold voltage chanc- device has been put throofb such a eydc for over 
tensuc of the trustsior is eontroUed by the amount of iQO.000 timo. ti cia no loeger bt prepvmmed or 
charge that is retained on the (loatrng sate. That it. the *° crsaed pfopoly. This ia bciievcd to bt the roult of 
Bununom amount of voltage (threshold) th»t must be electrons bcmg trapped La the ditlectrie each Qme 
applied to the control ptc before the tmastor is chirge is tnnsferTed to or away from the (loaong gaic 
turned "on" to permit conduction between lU source ^ propimming or erasinf, reipecovdy. 
and dram regions is controlled by the levd of charge oo ^ prenary object of the present tnvenoon to 

the floating gate. A trinsator is programmed to one of " —vide Eptom and EEptom cell and amy srmciures 
rwo Slates by accderauns dectrotu from the substrate ^ procenea for making tbem thai re»Ut m cells of 
channd repon, through a thin gate dielectnc and onto ^^^ed lixe so their daisity on a aemicoafluctor chip 
the flowing fate. ^ ^ i ca be incre»sed. It is also an object of the invenoon 

The memory ceil irwsator't state ts rod by placing .tmctures be hithly tnanufaciwmble, reiiible. 

an operatmgvolugeacrouitt source a^ddr^ 30 '^^J^,'^ with a very high 

us control gate, and then detecting the levd of current ^^P"***"* ™ ' 

flowing berweeo the source and drain as to whether the yt«d^ i^^,^ m 

drJ^ » progrwimed lo be "on" or "ofT at the control U » y« iwther object of the 
Mu voiuge S^A ipednc single ceU in a tw<wli. provide EEpiom semiconductor chips ih« « useful 
SllloiS i^y^fom^ is addVessed for reading » for solid it«e memory to repUce magnetic disk storage 
by applicaubn of a source-dmn voltage to source and devices. ... . 

dram lines u a column contuning the cell bang ad- Another object of the present mvennon » to provide 
dressed, and appbcanoo of a control gate voluge to the « uehniqoc for mcreasing the amount of mfwmanoo 
cooirol gates m a row coniaimng the cell beusg ad- that on be stored m a given sixe Eprom or EEprom 
iitued. ^ array. • 

This type of Eprom transistor is usually impletnented Further, it ia an object of the present mvenoon to 
in one of rwo basic configuraoons. One is where the ptovide a technique for ucreasmg the nenber of pro- 
floaong gate esieods suuuntully eonrdy over the gnm/rend cyda that an EEprom can endure, 
translator I channd region between Its source and dr»in. e, w ^ o v or twf TVVPKTroN 

Anotner type, preferred in many applicioona, u where 45 SUMMARY OF THE INVENTION 

the Aoaiu) g gate catends from the drain repoo only part Jha€ and addioond objects are accomplished fay the 
of the way acrosa the channrl The conuol gate then vahoua aspccta of the present invenoon. other aloisc or 
*«tP^rtt completdy acron the channel over the floaung ^ eorafrioatioa the prntry aspects being bneily sum- 
gate and then ■croas the rcmaiaiog pordoo of the cfaan- „ bdow: 

nd not occupied by the floaang gate. The cooool gate SO ^ ^ problos asaodated with pnor an split ch»- 
IS aepvaied from that remaining channd portion by a t^ £ptwn and split channd Flash EEprtmi devices are 
iha gate oaide. This second type a tenned a-rpht- p^mxpe by providing a split channd memory cell 
channd" Eprora transiaior. This results in e tranaittor .. ^f ^ ^^^ ^ one of the foUowing ways: 
itwt^re that operates u two tnnsisxon in series, one (A) U ooe embodiment one edge of the floating gate 
havmg a vw^nng thteahold in fespoaae to the " ^ ^ ^ »nd overUpa the edge of the dram 

levd on the Qoaung gate, and another that ttuneffected ^^^^ ^d the second edge of the floating gwe ta sdf 
by the floating pte charge but rather which operaieam ^Sed to btii ia spaced apa« fr« <rf the 

response to the voluge oo the control gate u m any l^^^j^^ A^raUq«r formed along the 

aormd Add eiTeci traasaicr. ^ ^oond edge ofthefloaimg gate fadag the aouroe side is 

Eerly Eprom deviom wee ermaabU by «P<«« » «0 "^^"^^ degree ihi^cing between the rwo 
ultraviolet light. M-ore r««tiy. ^•"^^^f^JSIJ sSlTS^^ «d drain to the 

been tnaoe to be dectncdlyereseble. and tht» termed 2~ rtaulta in e split chamid 

dectnc4ily erasable and programmable read ody mem- « the ?*^J^"~^ 

o^rJSTpIom,. On. waV te^wSS the cdl u .ra.«i ^ J^^^^^f!^^ 

dectncdly .s by transfer of char,, from th. floeang 65 ^^^^P^TS^^oS^ 
g«e to the transmar dram through a very thin tuaod a^dU coJwoiUhle by '"f** *«V~ ^Tll/tZ 
dideeinc This is accomplished by applicanon of appro- refpectr/dy. ttd ^^^^.^^^^y^ 
prttievoiuges to the iranaistor's source, dram and coo- ftoetmg gau and the dr«n diltewn. All three parme- 
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ten are imorntivc to nuti miulignment tnd cut be FIG. Zc n h view of the Muuoki pnor ui cell of 
made reprooucibly very imall in acaied-down devicci. FIG. 30 aiortg ctou aeaion AA. 

(B) In a Kcond esoodimeni of the ipiir channel FIG. id *% ^ crota tccsion view of the tplii channel 
Eprotn a nei\-i)y doped ponton of the channel adjacent Eprom Haran pnor an ceit. 

to the drain difTuuon is formed by a novel. wdl<on* 3 flQ. 4d is a crma tcctioo view of the split cbuinel 

trolled teehmque. The length Lp and doping concemra* E p rom Eitan pnor an cell having a drain difTuson lelf 

tion of this c.iannci ponion become the oomuunt pa- aligneo to one edge of the floauag pte. 

ramiten for programming and rcadiag, lAereoy permit- FIG. 4d u a ctou sccoon view of the pnor an Eitan 

ODg tne formation of a ipiit channel ttruciure which is cell of FIG. dtmng the procoa tiep uicd in the for* 

relatively inaexuitivc to imaAiignffloia between the 1^ mauon of the aelf aligned drua difTuson. 

floaiiBg gate and the wurce/drau regiona. FIG. 4c a a cron tccuoo view of the aplii chsanel 

2. A leparaic crue gau is provided to tranaform a Eprom MizotAU pnor ccU with aidewiil ipaccr fomnf 
Eprom devKC into a Flatfa EEprom device. The area of tbt Hoaifflg fate. 

overlap between the Heating gate and the erase gate ii FIG. 4tf u a cnm iccdea view of the split channel 
intenamve to maak imaalifiunent and cui therefore be Eprom Wu pnor an ceil with Bdcwall spacer fonmng 
floadc reproduably very uiall. oot of two floatag gates. 

3. In lODc embodifflcau of this invennon. the erase piC. 4e is a croas section view of a sacked fate 
fate n 4lso used u a fidd plau to provide very oompaa Eprom TanAka pnor an cell with heavily doped chui- 
clectnc uoiaoon between ad>acsn cells in a memory ^ n«l adjacent to the dnis juae&oa. 

uny. FIG. 5d is a eras aecuoa of a split chBttcl Eprom 

4. A new erase mechanism ts provided which en- ^ ^ accordance with this invoibon. 

ploys uilonng of the edges of a very Uun floatrng gate FIGS. 56 throofh S/are croa icctioas of the cell of 
so as 10 enhance their efTecirveness u electron mjectors. p]Q, 5^ durmg vvious cages in the laaaufacranng 

5. A Dovel intcUifcat profrmmming and lensiog tech- ^ procoa. 

niQue ts provided which permits the practice] imple- p|Q, ^ n % top view of a 2x2 array of Flaah EE- 
mentatjon of ooiupJe lute storage wherein each i-^iu formed in a triple layer stracture in accor- 

Eprom or flash EEprom cell store more than one bit one embodiment of this invention. 

cell. FIG. is a view aioag cron sectioo AA of the stnic- 

6. A novel intelligent erue algorithm is provided ^ nnofFIG. <a 

which resulu m a sigaificaat reduction m the electrical 7^ ^ a top view of a 2x2 array of Flaah EE* 

ftrcu eapcnenced by the erase tunnel dieiectrc and ^ells formed in a triple Uyer strticturc in aocor- 

rculu m much hifber endurance to profram/erasc ^ .^^^ aabodimest of this invaoaa 

cyriiag. wbmiu the erase gates alao provide field plate isola- 

The combinatioa of varioos of these feanrcs results 
m new split channd Eprom or spin channel Flash ^- 74 ts a view along cross sectioo AA of the stnic 

prom devices which are highly manofaciurahle, highly ^ 

scalable, and offering greater storage density u well u p,Q 7^ ^ CC of the strec - 

greater rehabiliiy than any pnor an Eprom or Flash ^ 

EEprom dev«e*. Mcmones tiax uolixe the vanoui ^ RG. W is a top view of a 2x2 amy of Flash EE- 
aspects of this mvention are especially useful tn com- ^eiis formed in a triple Uyer finicwr. in aocor- 

peter syscms to replace earning magnetic storage 7..^ . mm^Z^i^L^t «r th«. 

media Ouns disks and floppy disksX pnmanly because ^ ^ embodiment of tha fflvcaooo 

ucww irwu u«w «aw iiwpp 7 fmmatvj owuav whcretn the ttmad eraae dielectric is nrnfrntd to the 

of the vwv hiah doisny of informauoo that mav be vmh»o «w uhwui^ » wwumm *w 

uoraa inlhem ™onn.uoo iaa< may dc vuiaca at the two edf es of the noaonf fau. 

Addiuonal objects. fe«ur« and advanuge. of the ** RG. WU a view along cx«s section AA of thestnic- 
present levcnuon wUl b« uademood from the following '*"iL?f . 

descnpoon of iu preferred embodiments, which de! ™- ?f ? * '^'^ ""^^ array of Flaah EE- 
scnpuoo should be taken m conjuncuon with the ac- P™" cells fonnod m a tnp^layer fmcnn m aocor- 
compaayug drawings. vi * foorth cmboduaem of tha uvcmioo 
wherein the eraae pu is s an dwi ch ed ia berw cc i the 

BRIEF DESOUmON OF THE DRAWINGS Ooaimg gate and the ceotrol gata. 

no. 1 is a crou section of the split channel Flash HO-fJisa viewakmgcroBs.aiOBAAofthefiroc- 
EEprom Samafhitt prior an ceil which erases by tia- «« of FIG. 9c 

nehng of cicciroas from the floating gate to tha drain 33 " * along cromacmoo DD of the nrw 

(iifTiaiotL FIG. 9* 

no. 2« is a cnm aecboo of the Flaah EEprom Ky- ^O. 10 ta a s chmi a nc repr eiea t ab o o of the coopUag 
nets pnor an cell which erases try ttmacliog of electrons capacitstccs atanoated with tha floatrngs gisa of tha 
from Lhe floating gate to the souroe di/Tuaioa. EEprom call of the ittvcsnoa. 

FTG. 2d is a eroia sccooo of the Flash EEprom 40 F!0. lla is a sr hematic reprtientafinn of tha rompoa- 
ICupcc pnor an ceil ^Mtb triple polyvliooa. it* traofistor forming a s^ ehaaaal Epeom devica. 

FIG. 2c IS a KhematK of the ICupec cell during erase. FIG. lU shows the programmmg aad eraae chanc- 

FIG. ts a topological view of the tnplc potyalicoD *.cn»ea of • tpiit chaond Flaah EEproo dmca. 
split channel Flash EEprom pnor an Masuoka cell FIG. 11c shows the four oeadiKtion states of a split 
which cr«Ms by tuaaeiiag of electrons from the Aoating 4S rhamiH Flaah EEprom devtca ia aceordaaee with thia 
gau to an anaae gaic. iaveniiaa. 

FIG. 2d is a scaemaoc view of the Muooka prior an FIG. IIM show* tha progriffl/cma cyehBg cndtir- 
cell of FIG. 2a aoea characteristics of prwr art Flash EEprom devices. 
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FIG. lit thowi A arcuji ichemiuc tad progrim* neir the dram juncuon. Injected clecirons •« traoped 

mmg/read voiugc puiso required :o impiemeni muiti- on flowing gate 104 and raiie tne conduction ihresnold 

tute iiorage. voluge of channei repon 111 aad therefore of truumor 

FIG. U outlines the key ste^ m the new algonthm 100. To erase mnnjior l» the oxide in regjon 113 

uicd 10 erne with a nimmuffl iirok 5 leptnang between the floatiag gate 104 and drain diffu- 

F7C. 23 ihowi the program/eraie cycling endunnce sion 103 and channel 113 is itnascd to between 15 and 

chiractertstics of :he spui ciuanel Fl«h EEprom de- 20 nuiometen. to aUow eiectrcntt tunneling of trapped 

vice of this inventtoo using tntelUgest tigonthmi for elcorons lOt from the floaimg (aic lo iht drain. In the 

mtiituute programming and for reduced itrcn dunng SuiacAiu odl the appraprute voluga applied to 

crung. 10 achieve progrifflmmg an Vco"t2V. 

FIGS. 140. 146 and 14r are erott sections of another V^.OV. V^bOV. and toachirvvermsean Vcc-OV. 

embOQiment of this mvenuon dunng cnocal steps ui the V^. )9V. Vff aQV. Vj^ftotoa^ Saaucfaiu poaa 

sunufaaunng flow. out that the eicctneal ensc is not idMimumg. It is 

FIGS, lia and tU are schemaoe representation i of poasiblt to overensc the ccU, lavmg the floetmg gau 

two memory amyt for the Flash EEprom embodi- 13 potto vtiy charged, thtu nmisig the ponibn tl 

ments of this invention. into a depleoon mode tnuiaaior. Tht scries cnhuce- 

FICS. 160 and 1*6 are cross sectional views of Fash asm traumor L3 is needed (hcrefort to prevent trao- 

EEproffl traaiision. illustraasg the erase mechanism by osior leakage to the overeraie trmditmn 

upenty mjcenon (I60) and sharp op injection (166). Tht cell fufTcn from ccnain disadvao- 

F1GS. 16c and lAtf are croa lecsonai views of pans 70 tagcs. These are: 

of Flash EEprom tmainon illustraung the formaoon (a) It is di/Hcult to prtveat avaiaBCbe juoctioo break- 

ofsharp'tipped edges of the floating gate by directional down or high junction kmka<e atrrcni ai the drsm 

etching to faciliute high Held dectromc mjcction. juscnon 103 dunng the tunc the very high eme voluge 

FIG. 17a conuins Table 1 which shows voltage con- is applied to the dnio: 

ditxoas for all opcrauonal modes for the amy of FIG. 25 (b) It is difflcttii to grow with faigh yields the thin 

^ oxide layer 1X3 used for tuaael ob« 

FIG. lib contains Table U which shows ciampie (c) Because of the presence of thiD oxide layo be> 

voluge conditions for ail openuonal moda for the tween the floatug gau tad tibt dnin difhtsa&, it n 

vtnuaJ ground array of FIG. lih. difTicuH to prevon accidental tosaeiisg of etcoroos 

OETAaEDDESCRIFnONOFT«EPR,ORART » '^•;^X"^S:X'',^vJ:^^^ 

There are two dininctJy diiTertnt approaches in the as usselected cell ia a Dcmory tmy sharing the me 

pnor an of Flasli EEproms. A triple polyulicon device dnin (bh line) u a progrvnsied ceil may have a dnin 

was descnbcd by J. Kapec a al in t9tO /EDM Ttdmi* voluge of approximaiely 10 vols and a eoairoJ gate 

coi Dittn, p. 603 in an amcJc cnotled *^riplc Lcvd IS vohage of 0 volta. Although thk repreacau a socfa 

Polysiiicon EEprom with Single Tmxisior per Bit'*. weaker electric field than that eipcneaced during tun* 

An improvement to the Kupec device wu proposed by nel cnae (when the dr«n is ai ipproxnutely 19 volts). 

F. Masuoki and R lixaka in U.S. Pat. No. 4, j3 1.303. it Mvcrthela can. over a proiooged period of time 

tiwcd July 33. t9S3. Venations on the same cell are akcr by alow tuaoeiisg the charge stored on the floaana 

described by CK.Ktto and S.CTsaariaU3. Pit. Na 40 gaic. 

4.561.004 issued Dec 2A. 1919. and by F. Matooka etaL The Kyven and Kumc ceOt (HO. 3tf) are tiailar to 

in an anickutled "A 3j6K Flash EEprom Using TripU the Samachisa ceU except for the *t*^^*r4^ of tte 

Polysilicon Technology". Dt'ttn 0/ Ttcknieai Paptn. series enhancement rrtasnor UOL and the performing 

fE££ Jnumcuonai Sclid'Statt Gmtia CctiftrvtoL Feb- of cuoncl erase 30t over the source difliision 301 rather 

ruary 1915. p. 161 45 than over the dram difT^stoo 301 Typically the Kynen 

The second approach is a doable polytilicoo cell e«a uaea dtiriag programming voiiaga Vcc«13V. 

described by G. Samachisa ct ai. in an anicle dtled **A Vo»gV. Vj«0V. Vjj«0V. and donng erase voltages 

13IK Flash EEprom Using Doable Polynlicon Tech- Vj«aV. Vg««OV. Vc^OV. VoMFIoang. Ky- 

□oiogy''. IEEE Joumai of Solid Stmt Cimaa, October oen achieves a lower erwe voltage than Samachaa by 

1917. Vol. SC-U No. 5. p. 67& Vahatioai 00 this seo> 90 thmsisg tusnel dadecm 313 to 10 haaomcun or lea. 

oad ceil are also described by H. Km et aL k aa so that even though the voftagc applied to tha aoorce 

arDclc titled "A Flaah-Enae EEprom CeU wicb aa difltesoo donng erase is rcdi»^ the eloetrie field 

Asymmetric Source and Dnin Strocnn*', radUies/ aoeu luaad dielcctnc 313 remain as high u in the 

Difcn 0/ tk$ iEEE JmumanomJ EJgemm iJMei MtH- Me of the oelL 

/eg December 19n. p. 56a aad by V. R Kysen es al. 39 Thm Kyncs ceil can be coatraated with the Sama- 

ta an aradc titled "An la-Syuem Reprogrammable cfaiaceU: 

256K CMOS Fash Memory^. X>vtff 0/ r«AAiea/ ^ <i) Kynca ii tea raaccpcble to avilaachc brtakdown 

ptm IEEE Inttmoaemi Solid^Siau Cmia Cw^^wiea of loooa difTbsoo 301 donng cnae bccaoae the voluge 

February 19«t.p. 133. A otawctioa of the Saaachiu iiroducod tnm 19 voha to 13 voiu. 

ceU is shown u nO. 1. Tnautor 100 is aa NMOS 60 (b) Kynetf 1 ccU b Bon suneptibU to low yiddi due 

tnasttor with sooree lOL dnin lOL sitenu 103, to pinholes in the thm didactric Uycr 313 becauae its 

floatmg gate t04 and control gau 101. The traasotor tt>i^^^^. „ ndoeed t^m appronmataly 30 naaomeun 

has a tpUt channel consasing of a seciioa 113 (U) to cppronmatety 10 Baaonetcn. 

whose oottducQvity u coairoUcd by floaoag gau 104. ia (c) Becauae Kynen naca a lower vohage for enaa bat 

scncs with a secooa 130 (LI) whoM coBduesviry ia 65 encatially the same dram vohage for prograsmmg 

coatroUed by control gau 109. Programming takca Kynen ia far more fuaoeptible to aoodcmal **^■ uglam . 

place u in other Eprom ceils by iajccuoa of hot elec- diBurto** diae to partial tuand erase (dortag piogram- 

txoos 107 from the channel at the pinchofT regma 119 mmg) oocarmg from floatmg gau 304 to drain 303. 
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(d) Kyneti'i cell ii hi|hly luicepuble to ui overcme Comptnng the Muuoka ceil with the Stouchiu »nd 
condition eeciuM ii do« not h*ve tne senes enft»nce- Kynett ceJU; 

mat cntnncj portion 120 of Sanuchtu's c<U. To pre- C») M«upm-i cell doci not eruc by using other the 
veni ovcrenie Kynett et »1. deploy a toccal erase algo* wurce difTusion or the dram diffusion for lunnei erwe 
nihm. Tbu aigonthra applies a shon eruc puUe to an 5 TTieretore these difTuijons never experience a votuge 
amy of cells, then measures the threwiold voltage of all higner than dunng Eprom programming. The junction 
cdls to ensure that no ceil haa been overeraied mio »v«ianche breakdown and junction leaugc proOlems 
dcpktion. It then applies a aecoad erase puUc tod re- iberefore do not enst 

peats the reading of all ceiU in the amy, Thia cyde is (b) Muuoka's cell uses a relaoveiy thick tunnel di- 
itopped u soon as the last cell in the amy haa been 10 electric and therefore does not need to use thia tunnd 
erased to a refemice enhanceraent voiugc thrwhold diekcincs for erase. TTiereforc it ts lea noceptible to 
level. The problem with tha approach is that the fini o»de puholes introduced durwg the manoficranng 

cdl 10 have been adequately erased continues to recove cycle 

eruc poisa uoul the last cdl hu been adequately (c) Muuokj'i cell doeinot have a "propmin distw* 
erased, and may therefore be soscepnble to overtrue 15 problem because progrimmiag and runnel erase involve 
into a depletion ihreihold lUte. two different mechanutns occunai at two different 

Kupec i cdl employs essentttlly the Kynett cdl with. repooa of the mnastor. 
out a tha mnael didectnc over the source, channel, or (d) Maauoka's eeU a not uacepoble to the ov«nae 
drim. and with a third polyiilicoa plaie covertag the coBdidon because of the preseace of the ser« enhance- 
enure trvwstor and acting u aa erase plate. A creta 20 meat transistor channel 330 (L2). 
lecoonal view of the Kupec device is shown u HO. 14. (e) KUaooka'i cdl rcqoirn a third Uyer of polynli- 
Transistor JOW conims of a stacked floanng «aie con, which compUcatea the procesa u well u aggrv 

and control gau 709b with source 301* and dram iOtt vaies the surface topolofy. Because the erase gate coo- 
icif aligned to the edges of the (loaOAg gtvc Gau di- rama turtice area «ver the field oude JOS it rcauiu in 
electnc 3U is relatively thick and docs not permit tun- 23 a Urger ceU. 

nd erase from floating gate to source or drain. An erase (0 The overlap area 131 in Ma»oka'i cell u s^rnve 
plait i306 overiies the control gate and covers the side- lo mask misalignment between the two inaaks deftmng 
wdla of both the ooatrol gate and the floanng gate. tha overUp. Since the overUp area u aommally very 
Erase takes place by tunneling acroa the relaovcly smaU. even smdl misalifBflMnu can retolt in larp varv 
thick oxide mb betweea the edges of floating pu i046 30 atwas m the area used for nand erase. TWi reaulu in 
afld erase pUte 3306. Kupec attempts to overcome the severe venations firom wafer to wafer, 
overerasc condition by coaaeciag the erase plau dur- From the foregomg andym it is clear that whiU the 
tag high voluge erase to drain SOU acd through a high Misuoka pnor an ceU tucecsifully addrcttcs mem of 
impedance resistor R (FIG. 2c) to the eraae supply volt- the problems eneouatercd by Setn a rhia and Kynett. it 
ate Vauss^ AS soon u the cdl is erased into depletion 33 itMlf hu dindvamaga not encountered by Samachisa 
the dram to source transistor eondaction carrcnt drops or Kynett. 

man of the erase voluge acro» the reswor. rcdaaag Mawoka and Samadisa both bm a tpht channd 
the voluge on the erase pUu 2306 to bdow the nmad- Eprom tranamor for programming. In the ipUt channd 
mg voluge. This approach a enretady diflkuli to eprom transistor, the portion U of the channd length 
implement m a block erase of a large amy because 40 cooirolled by control gale 109. 309 hu a died enhance- 
differeoi transuton begin condi«oon at different time*. ment ihreihdd voluge deurtmned by the p-»- channd 

MuttOKj's approach to Flash EEprora overcomes doping concentration 3«0. The portion LI of the chan- 
ouaai of the disad vanuges of the Sanuchisa. Kynett and nd length coairoUed by floating gau 10* (Samachiaa) 
Kupec cdls. FIG. 3a provides a top vww of the and 30ft (Masuoka) hu a variable threshold voluge 
Mawoka pnor an cea FIG. 36 shows the schemauc 43 detennmed by the net charse ftored oa the floanng 

repreaenuuon of the tame cell, and FIG. 3e providea a gate. 

eroa secnoo view doog the channd from soaroe to Other prw an split channd Eprom transisurs are 
drain. Tranaiior 300 conmu of a split chsiad Eprom dewibed by E. Haran m VS. Pat Na 4J2UtS May 
iran&stor haviag a source 301. a dram 301 a floating 4. 1913 and by B. Eiun m U.S. Pat. Na 4.639493. Jan. 
gau 304 controUiat channd rgn1i«mmi doog aocson 30 27. 19t7. Th$ Harart split chaand Eprom transistor 
LI (312) of the channel, a control giu 309 cepaotivdy 300rf b ahown in croaa sectio n in F IG. 3d. Source 30W 
coupled to the noauag gau and also controlling the and drain 301rf are formed prior to formaooa of the 
conducnon dong the senea porooa of the channd U floating gau 304rf. Therefore, the totd channd kngxh 
(320). whKh hu enhaocoai threshold voltata: Ll^LJ is i ns e nsi i i vf to mask mtulignmnit However. 

The transistor channd width (W\ as wdl la the 33 both U and L3 are senstove to miaditament between 
edga of the source and dram difftmons are deftned by flaa&nt gau 3044f and drain diffoaaoo 303^ 
the edges 303 of a thick fieU oxide farmed by iaopUnar The Btaa ipht channd Epn» traaainor 400 U 
oudauon. Oxide 332 of tfasefcaatt in the 23 to 40 aano- shown in cram aecooas ia FIG. 4e. The Eitan paust 
metcn range is uaed u taoUoon betwMB the floaaag highlighu the mam reaaeoa for uamg a spin channd 
gau and the tutaorate. Mafiioka adds an erase gau 330 60 architecttur rather thaa the vandard adf aiipMd 
disposed underneath the noesiag gau along one of its stacked gau Eprom cmaistor 200 (FIG. 2V Tbcaa re^ 
edges. This erase gau ts used to decoricaUy eraae float* sons can be summarued u foUowt: 
mg gate 304 in aa area of tuand didectnc 331 where the The addition of a fixed thrcaheld enhancement trao- 
floating gaie overlaps the eraae gate. Toand didectnc siaor m senea with the floeong gau tranxtstor deeoo- 
331 is of thickness berween 30 end 60 nanometers. 63 plea the floating gau from the soarce difl^don. This 

Masuoka ipeoTies the foUowing voluges during aUowt the channd length LI to be made very smaU 
erase: V5«OV. V^-OV. Vcc*OV. Vm-OV. Vg. wnhow eneoantermg paachthfough between source 
fl^^j j « 20V to JOV. ai^ drain. Funhermore. transstor drain-tareon doe to 
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the ptruiuc c*piciiivc couplini between the driin sbown in crou lecuoo in FIG. 4c, Tfinsmor 400e hu i 
fiifTuiion lod tht floaiini fiie a eiifflinited bcauu the no»nn| gate 404c fonoed alons the iidewall 440c ot 
enluncaieni channel ponwo U remams off. comret gut 40»e. In thn way t»ih Ll and U cm oe 

^UD ihowt (hat the ihoner the len|th LI the groter indepenaentiy outohihed u»d are not »enjiove to maik 
the preinmttung emdency and the greater the read 5 amiiignmeai. Trmwior 400e his the drtwt^ thw 
cunent of the tplii chaanei Epnsm tranimor. For FlAih the captaiive coupimg between coniroi gite ¥39e m 
EEproffl devicu the leno eniuaccmeni channel L2 noaung gate 404c u Imnied to the capacitor uea of the 
acquirn addiuon*! uuponiace occaue it allow* the tuiewaU ih»rea between them, which « reutiveiy a 
Ooaiiag gate ponton LI to be overemed into depieuon smAll area. Therefort there u • very weti cipaauve 
ihereicold voluge without turning on the compoiiie 10 eotipling oetween the controJ gate tad tht "qg^i I*" 
tpbt channel irwuutor. cimng prognmming or dunng J^«™r^ 

Tht duadvanuge* incurred by the addition of tht although the device achieve* good ooniroJ ori-X aaa J-t 
tma enhancemeat channel U ue an tacreiie in cell tt ts of nxner low efHdeacy for both modca of opera- 
arci. a decrtaae tn inmutor tnaacooductance. aa m* tios. 

crvue in coatrol gate capaataace. aad tn increaic in 15 Yet another prior art dtvict which haa t tplit chanaei 
vtnability of device charmctenxncs for progrmmng woh a well controlled LI «d U u dudo*«d ' 
•ad reading brought about by the faa that LI or U or Wg « al in the 1916 lEDM ^^^^P;f^J\^^^t^ 
both are not preoaely coouoUed in the manufaounag aa arocle esmkd "A Novel High-Speed, 5.Vo» Pro- 
prticcu of the pnor art ipiit chaaad devicet. Sama- grsmmag Eprom Stnicture with Source-Side lajte- 
Masuoki ant Eiiaa each adopt a different ap. 20 tion". A crota aeciioa of the W« pnor art traaautor a 
proacn to reduce the vanability of LI aad L2: afcown la RG. 4rf CnO. 2 in lht above-rrf«nced art- 

Samacaiu'i traaimor 100 (FIG. 1) u»« the two de). Tliia iraaimor haa a Qoatiag gate 404d coupled to 
edge 140. 143 of control gau 100 to defiae (by a aeif a eornrol gaie 40W. exusdiag over 
ilitaed too uapiaat) draia difTuaioa 103 aad lource (4Urf). iaaenei.wiih a •econdno*aagsau49WfbrtDed 
di/Tuioa lOL Edge 141 of Hoatiag gau 104 u etched 23 iaaudewtil adjaccai to lourct difftuioa 40 W arid over- 
pnor to ion implant, usng edge 140 of control pie 109 lying chanaei region L2 (420rfV TliB aeooitd noatmg 
aaao etch maik. Tliia rauits m a spUt chaanei traauftor gate u capaativeiy coupled to the cot«n^ gate 4Wrf 
where (LI * U) U accumely controlled by the length through the relabvdy email area of the sidewaU 49M 
bttwttn the two edga 140. 143 of the coatrol pie. thired between them and ti therefort oaly laarpaaUy 
However. LI and L2 art both aeaituve to tniuligmnent 30 bener thaa the Mixatau pnor art dtwcc. anhough it 
between the oiaik defuung edge 142 and the maik defin- don achieve a good coatrol of both LI and L2. 
iat edga 140 lU. Another prwr an Eprom tiMimor which docs not 

Mifooka itnamior 300 (FIG. 3f)fonai both edgei h«v« a iplit chaaad nnictu rt b« which aeeka lo 
341, 342 of noaoag pte 304 in a uagic maildng »t«p. achieve two dittiao cfanael repoaa to opoaiie tM 
TbtTtfcrt LI ii inacaaitive to mask imialipimenL LX 35 Eprom programmiBg performance ii diadosed by S. 
which ts fonned by ion implaai of lOurce diffuaion 301 Tanaka et aL io I9M OSCC Di^otof Ttekmal Pcjm 
to be self aliped to edge 343 of control gate 309. is p. la in «n anide tntiUed -A Progrimmable 236K 
toaitive to miuiignmeat between the mask defiaiag CMOS Eprom with On Oip Tert Qrc mT. A ao « 
edge 342 and the mask denning edge 343. Funhcrmore Mcboa of thia device ii ahowo in FIG. 4# (eorre^oad- 
tht Muuoka tramistor 300 may fonn a third chaanei 40 ing to RG. 3 m the Tanaka arride). TriB»cor 40Of » a 
renoa. L3. if edge 340 of control gate 309 ia maaiiped Hacked gate Eprtan tranmtor (not ipirt chanaei) with 
ia adirecoon away from edge 341 of noaung gate 304. source 401# aad drain 402/ sdf aliped to both edgei of 
the formaiioB of U will levcrely degrade the program- Ooaiing gau 404e and control ptt 409*. The chanad 
■ Bang emdency of wieh acta rtgion la more heivUy p doped 4«0e thaa iht p wfcwate 

Eitan'i iraaaiior 400 (TICS. 4e. 46) uiea a leparatt 45 4<3«, but m addition there ts a aecond p+ "i^a 477# 
maak Uyer 4W to eapose the edge of fioanag gau 404 to which la even more heavily p-doped thaa repon 460*. 
allow drtia diffimon 402 to be adf aligned (by too la- Thb reii«» <T7# ia formed by diffuaion of boron down 
ptAOUooa) to edge 441 of floatiag gau 40C Therefore aad lidewayt from the top surface on the dnm ndc 
U can be accarauly coaoolkd aad ia not aetttivc to only, aad ia farmed after fomaooa of tht floaon« s»» 
maak mttalignment U however a aeasdvt to the nria- » lona to be adf aligned to tht noatmg g gte on the draia 
ahpment between edge 40 ofphocortaa 410 and edp nde. The enem of «dewty diffcaon of boron ahe^ of 
442 of the floatiag gate. Etan claims that the variability the aidewiy difhaon of arwmc, from the N+ dTM 
B U due to this maik tabaligncDcnt. can be aa much aa juBCtiea deito a chaaad regioa Lp (47»#) adjaeeat to 
I 0 micron or more without affecnag the performance the driia. Thb ia a DMOS type itrocare. called DSA 
of the device (aee damta 3.4 of tht above^erenced 5S (Diflteion Self Alipied) by Taaaka. The pretence of 
Eiua patent). ^ P-^ <^ conaiderably the width of 

It should be pointed out that evca with tht man tht dnm depleooa rcpoa dumg high voltage prt>- 
advanced opucai Uihogrtphy syiums available today m pnmag. A shorter d^etioa layer width re aaltt in 
a producaon eavironmai it ti difWcult to achieve an greater energy being impened to channd dectrona 
4iiBafficai accuracy of beittf than +0.13 mkxoas be- «0 cntcmg the dcpkcioo resioo. which la tnra renlta u 
twin any two mask Ityerv Therefore tht vtriabiliry m ngnirtcani incrtaae in pregrammag cffld ency thr ough 
U or LI inherent to any nreeturt which is alignment bo* dectron lajecwm. Traaaator 400e hnprovvi dim- 
aanove can be aa much at approumatdy aS mwona csh to manufacture bocaaae tt it rathtr drfTteult to coo. 
from cae eitreme to the other. trd the length Lp and tht wrftce diannd cman- 

Aaoiher pnor an split chaand Eprom device which 43 ooo p-*- through a doable dtfhmOB step. Furthermore, 
attempo to achieve tht obiectivt of aecunxdy eatab- it is nthcr difflcalt to obutn vaiut of Lp biucr than 
lishieg LI and L2 U diacloaed by Y. Mirutam and K. appreaimaidy OJ microw by diffu^ because device 
Maktta la tht 1913 lEDM Ttduucai Ditm. pp. 633-631, saiiag dictatea tht uat of rathtr tow tcmperarare diflb- 
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»ion cycle*. Siili funher. ihe DSA Eprom device uiffen The condiooM for eichbtck muft have no ogmficiiil 
from »n eicemvciy high irwuwor ihrnhold voiuge m undercuTrni &no muii h»ve t differwDil eicb rue of 
the gnorogrimmed (conducimU luic. u *eH u from ;0;I or higher between me iptcer m*ien»J tad the 
high ^nin junaion ciotciiinoe. Both these eiTecu can m«entJ of protective film $64o. Spacer layer STOcia be 
tficreaw luotiaaiully ihe read acceii ume. J a coaformai film of unoooed LPCVD poiytiUcoo *hile 

protective fUm 5«*o can be »Uicon dioude or ulieoB 
DetaiJed Deicnpnon of Specific Embodiments of ihe ^^^^^^ Aliemauvely. ipacer layer 570 can be a ooofor- 
Invention ^ ^.^^ LPCVD ulicon dioaide while protective 

Ta. Spilt Channel Eprom Traaamor with Self Aligned fiim 3^ can be other LPCVD ulieoii tiimde or 
Oram OtfTuaton aoo Self Aligned Spaced Apart Source 10 LPCVD polytilicoo. The thiduien of protccuvc film 
Di/TuaWD ihould be u thin u possible, typically m the ranfc 

FIG. Sc presents a cT«a sectional view of a ipUt of 10 to 30 nanometm. so ta to to allow 
channel Eprom tranimor in accordance with a fini the tufascquent Araenic unpiaauium to form tbe sourec 
embodiment of this invetjoon. Tniuistor SOOo coasisu and dnm dtfTunooa. 

of a p type niicon substrate 5«3 (which can aiieroanvely The thiciacaa of the coaformal spacer ^y^^^' 
be a p type epiiaual Itycr grown on top of a p-t--t. vtma the width of the airicwaU spacer, and iherefore 
doped silicon moitraie). N 4- source diffusion SOU, N + also the length of channel porooo LX Typicaily for an 
drain diiTusjan 502d. a channel region 5«O0 which is L2 of 400 aaaomcten a spacer layer of approxtmateiy 
more heavily p-doped than the surrounding substrate, a 600 nanomcun Uu cknfss n used, 
floaung gate »4c overiyiog a poroon LI of ihe chan- ^ in FIG. Srf spacers SfJa. and S»l*, 5»16 are 
ocL SUtf. and a control pte 909 overlying the rtmain- formBd along the vertical cdga of floaong pta 9040 
mg poruon L3 of the channel SlOtf u wdl as the float- ^ KM respectively ai the completm of the tmcd 
fflg gate. Floating pu 904a is didectncally isoUied reactive too etch iicp. Tloe spaccn result from the faa 
from the surface of the silicon substrate by dielectne that the thickncu of layer 570 is greater adjacent to the 
film 9440. which is thermally grown Silicon Dioode. 2S ^^^^^ gf floazmg gaxes than it ia 00 flat sur> 
Control pic 509 is capaciuveiy coupled to floatiBg gate Therefore a carcfally timed amaotropic reactive 

904d through dielectric film 9^0, which can either be etchback wOl etch through layer 970 in arem of flat 

thermally grown Silicon Dioude or a combinauoa of surface topology while isot coraplocly etching through 
thm layers 01* SDicoa Dioxide and Silicon Nitride. Con- along ft^-h edge, forming the spacers The technique 
trol gate 909 ts also insulated from the siliccn surface ^ ^ f„ fortnanon of narrow sidrwaU ipnccn along both 
chamicl pomoo LI aa well u over the source and drain ^ ^ j^qj tnaa^on is wdl known in 

diffuuona by dielectne film 945d. which la made of the ^ indoitry, and is commonly UMd to form t ightly 
use maierul u dielectne 9«7a. (LDD) in ahon chamd MOSFETS, (See. 

P^ substrate 9«3 is t^^y 9 to 50 Ohms centi- "^f^^^ FIG. 1 in an aniele in 1914 lEDkf Ttckni^ 
meter, p^channddoptng 9400 « typically in the » ^/^^ 3, ^^ 5. Meguro etaL titled - Hi-CMOS m 
of I X 10' • an - * to 2 X I0»' cm - ». dieleanc film 5440 is T-dS^ev- ^ 

,yp«:aJIy 20 to 4tf nanomeien thick dielectric film M70 iavotion. the spacer en be signify, 

a typically 20 to 90 nanometers thick, floanng gate 5040 ^ ^ ^ne^ only, and it u 

t. usually a heavily N* doped film of poiy»il«»n of ™^ HghTd^ •oSroe J drain but 

ihickncu which can be u low u « «^«»«« ^|Ser ^ eito^ 

thickness will be discuiied tn Seenon VTI) or as high as 

400 nanometers. Control gau 509 :s either a heavily . «« Pboimist S91a 

N* doped film of polysilicon or a low reaaovity inter- J?!L??*J?? ^2 ^.^^^S^^ 
connecto^enal tuTh « a silicide or a refractory metal ^J^^' ^ » "^Zl^^^^-S^l^ 
Of importance, edp 9210 of N* dnm diffu«on 9030 «5 99tt whik "P^^Ji^g"" ^^^^J^ 
fonnerby .on impinution of Anen.c or Phosphorus u C^t^ « ^^^L^, 

Mif aliped to edge 9230 of floanng pte 9040. while Jj**^^,^^ ?L*^^J!t^^L2f^ protectr^e 
edge 9310 of source diffuaon 9010 formed by the film 9440X and the P^"« "'^^ . . ^ 
SSe lon implantation step i. adf aliped ta but is J- RO. «? 

tp»cai apan from, edp 930. of the same floaong gau 90 etoctne ^^^^^^^^J?^^^^"^ 
SITusig a lulewall spacer <no« shown m FIG. S0) dilftaaiOTa SOU. S«A and drmn 4dfoatm ma. 
JIll^ U, Loved after ihT^implantaooa but pr« ^ SSSj^ ^^L"*^^ 

formauon of comrol pte 909. TU nnplam dcae oaai to «> •^tm03s,j^im<^^ 
form difTUaions SOln. 9020. is typKnlly in the rmnp of »«rce aide the d^fTUaosa are adf aligned » edgca MOff 
"o'»cm-MOlxlO»4ca-« J9 and 9906 of the floamig pte. but arts^ apjrt fi« 

Tlie kry steps for the fomutioe of channd ponioo. these edgea by the width of WOe and 9926 leu 

LlandUareaiuatratedinnOS.56through9/ln^ U» .dewayt dimuion m wb^quem high temperaaire 
itnicture of FIG. 96 floanng gaica 5040. 9046 are piwem steps. _ . . _ 

formed tn a Uyer of N+ doped polysilicon on top of a ^^'^^J^f^}^^ J^^^^^ 
thin gau oude 9640. by aniaocopic rtacove ion etch- 60 are removed (FIO. 9A preferably wuh 
BP. uamg photoresist layer 990 aa a mask. U RG. 5c a which wiU not anack the umiertymgjayen Stte and 
tto protfiTOve film 96*. la deposited or thermaUy 504e. Didceme film SJTe a grown bythmui onda- 
crown, followed by the deposioon of a thick spacer oooordepotitedby LPCVDooiheexpOMdiwfafieiOf 
Uyer 97a The purpose of film 96*0 is to protee the the floaang ptei and ttbitnte. A omduaive layer ta 
underlying iinicture such u Uyer 54S0 from being 65 then depoBied and contpoi gaio 909a. 3096 are formed 
etched or attacked when the spacer film ia etched back. through etching of long narrow sxripi which constmne 
The spacer film is now etched back in an aniaotropie the wofd Unea in rowa of ma mory ce Ui in an amy. 
r^tjoa ion etch step wuh carefully controlled timing. remaining part of the procea a standard: 
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The surface of ihe uructure ii covered wiih « thick »ny vmibility id L] ii of lecoodAry imporunce, Lp 

pauivttion liver S6I. uiiuJIy photohorout dop«d gHui beuig tne eontroUiog parmmeter. 

OLk BoropAotphotiiicatc gnu (BPSCV Thu pasav. A new method u ducloscd for mnufaetunnf the 

aiioa 11 made to flow m a high lemperarure anneal ttep. split chaaoel Eprore traimnor 1400 which resuiu in 

Cootaci viu arc etched (not tisown m FTC. 9/) to allow i much bettei controt of (he psramcter Lp and of the 

clectncii access to the source and drain dtfTusont. Mc* surface channti dootng concentration UX3 than a pro* 

taliic interconnect strips 569a. S69b are provided on top vtdcd by the OSA (Di/Tusion Self Align) approacA of 

of pauivation layer S6I. acccuing the source and dram the Taaaka pnor an traiwaior 400e (FTC. W). 

difTufioni through the vu opemnp {oot shown). The mam nepa m this sew method for the fabrictnoo 

Comoanng split chaancl traasuior SOOc of FTO. 5/ 10 of a memory array of tnniuton 14O0 arc aa follows: 

wnA the Samachua. Masuoiu. Htnn ai^ Eiun pnor 1. la the nructw of FIG. IW a thm oaide layer UTS. 

an ipJtt chaflnd traauston 100. 300. }00d and 40a the typaally 50 nmomctm of fiUooa diojudc a covered 

advtttuga of traoxistor 50Qff can be tummarucd u with a layer 1474 of nliooa uthde. apprcounaiely 100 

followt: ttiDometen thick. This ia tan a covered with a leooad 

a) LI and L2 are inse&niive to mart maalignmcnt IS layer 1473 of dcpoiiicd lalicon dioxidft. approximately 
Therefore they can be cooirolled much more ftccti- 100 naaooeten thick. Oaide 1479 aad nitride 1474 cuu 
ntdy and reprbdudbly than the pnor art for tiamplr. be the laae Glffit uMd to fenD iaoplaoar 

b) Because all four pnor an tnittistors t00» 300. 300rf iaolaiion refiaas ia the pertphery of the memory iniy. 
and 400 defme L2 through a mask aligamcat tolcr- 2. A ptemcsai maak PJLl (1470) ii uaed to define 
aaee whereas iruauior 500a defines L3 through 20 aotircc aad dram regioas m loag permUd atnpi euead- 
coBtro) of the wsdth of a lidcwaU tpaeer u is poan* iag ia width bcrweea cdga 147L 1472 of opcnmp in 
blc in traasistor SOOa to achieve cootroUably a the photorcssL Eapoaed oaide layer 1473 it oow wet 
much shorter chanad porooo L3 thea ponblc etched ia a cmfulJy ooatroUed aad dacd etch atep 
through a mask alignmeaL This becomes an impor* which includes subttaatid oadcrcattiag of phoioresm 
laat cooaidenaon m highly scded split chaaad 2i 1470. The extcat of vadercumng, which is meaaarcd by 
Epfom and Flash EEprom iraaamon. the distance Lx berweca oxide edgm 1476 aad 147t. will 

Dop«iaunn«lAd;««..oU>.D«»i««enon nO^Z^.lSraXr^^J^^!^f«^ 

RC. 14c presents a croo aectiond view of a noo self 30 reproducible Lx are the ffyry^q*^ aad tempotture 

aiigaed split chanad Eprom craasuwr m accordaacc of the etch aolstaoa (bydrofloonc acid) aad the dcassy 

wnh a second embodimni of this inventioa. FTCS. 14d (Le., lack of poresty) of the oxide 1473 bciag 

aad I4b illusrau the chocal procca sups in the maau* Ttee cn be wdl eostro'^ed laffidcatly to thai a timed 

fictormg process of this device. Trmistor 1400 coaxoa uadercumag etch step faults ia well eootroUcd etched 

of a p type silicon tufasirau 1463 (which caa also be a p IS imps of width Lx aad ramiag pardkl to edges 1471, 

type epiuxial layer grown oa a p-f sabttraieV Shd* 1473 of the long opcaap ia the pbetoressi. ia Cact for 

low N4> source di/TUsioai 1401 aad drain diiTU- vdua of Lx below tpproximaidy 500 oaaometen. it is 

smas 1402 are formed pnor to formauon of floatmg gate cadcr to achieve a rtprodudblc Lx through eontroUed 

1404. ia coatrast with the cmbodimeat of seetioa U sdcwiy etching than by coasroUiag the liac width of 

above. The chanad re poo betwcca the source aad 40 loag, narrow line ia a photorctis layer. Aa example of 

dram diffusions is split iato two pomoas: a portioe LI the use of tideway etchiag idf aligned to aa edge ia a 

(1411) which u lyug directly underneath the floaung amilar faahioa (bm to achieve the diiTereax purpose of 

gate, and a poruba L3 (1420) which b tyiag directly fomiag a very aairow guard ring) cm be fouad ia the 

uadcmeaih the control gate 1409. The improveaicm prior an amck by & Kim atlad *A Very Soull 

over the Haran prtor an split chaaad tnaststor 30QJ 4S Schonky Bamer Diode with Sclf-Alipied Guard Riag 

(FIG. 3^ coaiists of a heavily p**- doped aarrow regioa fipr VLSI Applieacoa *. appeanag ia the 1979 iEDM 

1440 adjacent to drain difTiuioa 1401 The width Lp Ttekrueai Difnu p. 49. 

(1413) aad dopiag eonceatrafioo of this regioa at the 3. At the completiDa of the aidcway etch step a sec* 

top surface where the fieU effea truiAor chaaad ia ood. aaiaetropie etch ia p erf or me d , unag the one pho- 

formed, become the coatroUiag paramexcn for device 90 torcnsi ouak PXl to c«h away kag ssnps of the ex* 

programming aad rcadiag ciRdeacy. provided that p-f> poMd alicoa ahride fOm 1471 Edges 1471. 1473 of 

is sumdcnUy high. TypacaUy. p sofattrau 1463 may PXl (1470) an uaed to form edges 14ga, ittl respcc- 

have a p type dopiag coocatnooa of lXlO»»em-» tivdy ia the etched ttnpa of aioide Uyen. 

whereas p> regioa 1440 may have a p<«> type dopiag 4 Annac ioa tmplaatanoa with aa ioa doae of ap- 

coaceninuoo of befwea I X lO^^ em*^ aad IxlO'^'SS proximatdy 9 Xl0i<a-> is performed with aa energy 

cm*V la the preferred taaaufacturiag prooen the taflldeat to peaetnta oxide flla 147S aad dope the 

leagih Lp aad dopiag cooceairetioa of regioa 14«0ara surface ia loag soripa of N -f doped regioaa (14111 1401). 

chosen so thai the depieooa repoe width at the dnta Pbotorcsst tnaak PJLl caa be uaed u the mask for this 

juacnon under proframmag vohage cooditioaa is km nep. bm aisidc layer 1474 caa aeve aquaUy well as the 

thaa the width Lp> So loag u thai rrmrittinn is sattsfied, 60 implaat maak. P.ILl ia snppcd at the oompictioa of thia 

aad so long u Ll'la bigger thaa Lp. thea the acmd sap. 

vduc of LI is of seooadary importaace to the device 1 Aa mnplaot damage aaaeal a^ mHot 

perfonnaacc. Siacc U ia this device is dctcrmiaed step follows rensltiag m 200 to 300 aaaoaeten of lili- 

thjough a mask aUgBmcat betwcca the OoatiaggBU aad cao dioxide 14<3 grown over the soorce aad draia dif!b- 

the drmia h ia eoi aa wdl ooatrollcd aa in the Eitaa prior 49 sioo imps. Tlw tcmpemire for this oxjdatiDa ahoold tke 

an ovumor 400. However, to the extent that regwa below lOOOT C to the lateral difftuioa of the 

1440 can be made to be self aligaed to the dma so that dopaatxia regions 1401 1401. If desred itispoiB- 

parameter Lp ts not leasiove to mask aligameat. then hie through aa extra rnvkiag nip to remove amide 
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Uyer 1474 alio from the field resions between ad>ac<Qt row« of ceils or between «o)>ceot (tnpi of lource tad 

cbinneit. lo u to grow oiidc ftlm 1442 oot only over ^run regioru ire. now tmomaTtCftily tdf lUgned to the 

the wurce and drain regions but liso over ibe field active device areas and do not require ipeee eannimuis 

isolatfM reg loot. isopianar oxidauon isoLanoo regioes. (Of coane, it is 

6. In FIG. 146 a second photoresist maik P.R.2 (lai) S also pouibtc to fabncate transistor 1400 with source. 
IS used (0 protect the louroe^ide (14011 of the suostnie drain and channd regions defined by the edges of a 
dunng the sutnequcnt implant step. This impUnt of thick isoptanar ondauon tsoUoon layer, or to r«Jy for 
boron can be pcrfonneo at relauvejy high energy sufR- field isolauoo on onde 1442 grown aiao m the field 
cicBt to peneinte through nitride layer 1474 and oxide refioas. tee the optioa dcscnbed is step 5 above.) 
layer 147S but not high enough to penetrate top oxjde 10 The Eprom cell of this enoodiaent has levcrmi ad- 
1473. utndc 1474 sod oude 147S. Altemaxiveiy, nitndc vuuges over the pnor an Eprotn cells: 

layer 1474 can fint be etched along edp 1412. using a) Control gau 1409 now rsas over a relatively thick 

edge 1471 of the top oaidc 1473 as a mask. The boron osde 1442 over the source and dram repeoa. Such a 

UBplant dose a m the range of x 10*^ cni'^ and 1 X 10'* thick oxkIc ts not possible for cusple with the pnor 

cm-V The surface area of heavy p^ dopug 1440 is 15 art Eitan cell where these source and dntn regiaDS 

confined to the very narrow and long strip of width are formed after, not before, the floansg (ate is 

extending betwceo edge 1471 of the top onde and the formed. This inprovca the proteetioD froa osde 

edge of the N 4> diffusion 1401 and rimniag the length breakdowns and reduces the partstic cspadtanoe 

of Che dram diffUson strrp. Note that the thick oaidc between control gate and drain. 

1442 prevents peoetranon of the bortm implant into the 20 b) Control of panmetcr Lp and of the surface P-^ dep> 

drain difTiinon itnp. This greatly reduces the drvn ins coaoentruoo in rcfion 1440 is wpcrior to that 

juncuoa capaatancc. which is highly de&rable for fast afforded by the DSA pnor an Taaaka cell 

reading. Nou also that p-f region 1440 is automatically c) TKe device souitivity to misalignment bt twn an noat* 

idf aligned lo drain region 1402 through this process. tng gau and dram is far leas than that czpenenced 

7. Top onde 1471 aiinde 1474 and thin oiide 1475 U with the pnor an Hariri* Simarhisa and Maaooka 
arc BOW removed by etching. This etching also reduces cells. 

the thickness of the eude layer 1442 protecting the d) For a given p<f> concentration in the channel region, 

source and drain diffusions. It is desirable to leave this drun junction capaaunce is lea wnh this cell than 

film thi c kn e ss at not less than approaimately 100 nano- whii all other pnor an dcvicea. because p*^ region 

netcn ai the completion of this etch step. 10 1440 is very narrowly confined near the drmin diflVi* 

I. The remauttcg steps can be understood in relation sien. 

to the strucrure of FIG. 14c: A gate onde 1444 is grown e) It ii poniblc to dope p-f region 1440 to very Ugh 

over the surface, including the channel regions, separat- l«vtla (which significnady tnhanrri the progrmm* 

iog bcfweea the long souree/dnin diffuiioo fusion ming efficiency) without unduly raisng the oondnc- 

sotps (typical oxide thicknen between 1 3 and 40 nano- 13 doo threshold voltage in the cnhancemcpi scnes 

mcten). A layer of potyaliooe is deposited (thickness ehnnnel region LI Thii is paniealarty uscftil' for 

berwcca 23 and 400 oaaomeiersK doped N-f , masked FUah EEprom embodimeoa u&eg this ccU for the 

and etched to form ceatmuous narrow nnps of floatmg Epnm pan. In such a Flaah EEprom, the high initia] 

ptes 1404 mask aligned to ran parmllel to drain difTu- dtahold voluga in region Lp coecrolkd by floaong 

sion stnps 1402 and to overlap p^ regioos 1440. 40 gau 1404 Cuutial Vt can be as high as 4>3.CV, the 

9. A second dicleanc 1444. 1411 is grown or dcpos- supply voltage, or highcrX caa be enly overcome by 

ited on top of the substrate and floating pu stnpa. cruing the cell to lower threshold voltago. As an 

reipcatvely. This can be a layer of silicon dioudc or a Eprom device the inttia) Vt ia the anprognmmed 

conbinauon of thin films of silicon dioxide and silicon smu must not be higher than the control gau voltage 

oscnde. of combined thickncu us the range b c rwe cu 20 43 donng read and this requirement seu an upper limit 

and 30 naoometcra. oa how high the p-t- doping conccxnrafion cm be. 

la A second Uyer of pdynlioon is deposited, doped Aaoihcr limit on the magmtude of p<^ doping con- 

(or tdicided for lower resmivtiy), maalrcil and ccBcraiMB 1440 is csaahUshed by the mmimttm dntn 

etched to form control gaus 1409 in long siripa rwming veluge naeesaary for programmmg. T^ drain jtmc- 

perpendtcular to the stnps of floaiug gates and source/- 30 tioo avalanche breakdown voltage mm be at Icmi as 

dram scrips. Each control gau srrp is capa oti v el y ootii> high as this minxmom programming volage. 

pled to the noaciAg gau stripe it crosses over through .« 

dielectne flhn 1411 m the area* where the strips overlap °- Self Aligned Split CSuud Hash EEprom CeD Whh 
each other. Control gaus 1409 abo control Che chnad ttoplaner Field laolaboo 
cottducnon m channel poreons U not covered by the 33 FIO. 40 prcaenu a topological view of a 3x2 mem* 
Qoatmg gau itnps. Each strip of control ptet is now ory amy oocaisiing of fow Flaah EEprom tranmtors 
covered by a dielcctru tieUtion film (can be thermally 4QQa. 400&, 400r end tOOd in aeeordaaee with one cm- 
grown onde). bedimeai of thb tnveniion. FIO. 4* prmoitt a croai 

U. Using the nnps of oontrol gates as a mask, es* imou view of the same itrocture along AA of FIO. 
poaed areas of dieleonc 1441 1411 aad of the stnps of 40 fa. A aecend croas section along BB tenia in the 

ftrti poiyolieon floating gates are etched away. The Eprom tnnsisor SOOe shown m FIO. Sa 

rcnlnng iiractare hu long sinpa, or rows, of control Truwator 40Qe of FIO. 4e ia a splii chnad E^om 

gates, each row overlying several floating gates 1404 traa&ator which has added to it cnae gates UQ, S3S. 

where the oatcr edges of each floaimg gate art eaen* which ovcrUp edges SSSc S43e of Oonting gate 904e. 

nally sdf aligned to the cdgo defming the width of the 43 TrasBstor 40ae a progrimmcd as a split chaaad Epram 

control gau strip. Thcae edges ar* now oaidixed or traaassor having a source difTbsoD SOU. a drn diflW 

covcreo with a deposited dielectne to oompietely uu«- bob 902a, and a ooBorol gate 109. Floeting gau i04e 

lau each Ooaong gate. Field areas berwcca adjacent and chaand ponxona Lt aad L3 art formed ia aoeor* 
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diBce with the ipiii ch*nn«l Eprom inniaiof SOCki of cao be tolenied iinct tiinosi no curreni u carried in ihi* 

secoon l.a. or the soUt channel Eprom transstor 1400 of ftau dunng ninnel erase. 

letnon I.b, However other tplii chaanei Eprom ^esncet The maaufactunnf proccn cu be somewhat iimph* 

(ftucta u the EiuA. Harm. Maiuoas or SamacAua pnor fted by tmplereennng erase fata 530. 535 in (be tame 

an Epromi can also be used for the Eprom iiryciure. ! conductive layer ti that used for control gau 509. 

The tranimor channel width W is defined by the edgei However the ipaang Z between the edges of the con- 

505. 5050 of a thick field oaide 563. t&te ud the erase gate (and hence the ceU nxct 

Tnniistor 60Qa ii erased by tunneling of electrons wouid then have to be npuficanUy greaier than is the 

ffwn noaung gate 504fl lo erase gates 530, 535. acrou case when the control gau and erase gates arc uapie- 

tuaaei dieleancs 53la. 5«Uj on the sidcwalU and top menied in iwo dilTerent conducsvc Uyeri msalated 

furface of ihe floating gate wherr it a overUpped by the from each other by didectnc fita S€Je. la faeu la the 

.^^^ triple layer sum-iuic 6000 of FIO. 6a tt u even potaible 

Tuaaei dielectric film 53l4. 56ld is normally a Uycr have control gaje »» ijiijjtly overlap one or both of 

of Silicon Dicude grown through thermal oxidation of ««« ? ^ 

the hcavUy doped and textured polycrysialline >5 '^Y^:^J"S^V^ "£211 !^S 

thTn^ttnm ..u It it will bnawti m oodc 563 (FIG. <*> of thickpcs between 300 aad 1000 

Bbeoa compnsmg the floatmg gau. I u wdl too^ia ^^^^^^^^^^^ ^ protwag chnad por- 

the induso^ (sec for eaampk an arocle by H.A.R. We- ^^TT^ * ^ T!^_r^^^?-rT~r^ 

•,.u*4 -c-rf..^^ u^.t fnr tm^mp^ »^iv n«»i ^OB LI (512a) a UiomaUy grown nbeoa dnxade of 

geaer ntled Enduraoce Model for textored-poly float- between IS aad 40 nlnomcterx Didectnc fUm 

tax lau memones", TtdtMuol Ditax o/tht IEEE Inttr- „ nJ^T- u ~^l^^^^T~~r 

4«)) that r«h a fU». when grown under the appropn- 'Z.TJ^ ^J^^f^T^ ^^^^ 

ate oiidaoon conditions over properly textured doped „^ ^Bdiied lilicoo nitride of 

poiysilicon allows an mcrcase by several onJers of mag- combiaod thickness of betwtes 30 aad 50 aaDometen. 

nmioe of the eonducuon by eJeetron tuaaeiing even ^ dieiectnc also aerves as part of the gau osde pro- 

when the film u several times th-rker than tuanei d.elec- ^ ^ ^2 (S30d) u well » iasulaooa 

tnc fUms grown on sugle crystal sdicoo (such u the 3^ fp^^ ^ ^^^^ ^ diffonoai. 

ninacl dielectnc fdms used in the prior an Saauchisa dielectne SJld. S41c is ttaeraaily mwn Silicon 

aad Kynea devices). For caample. a iimnel dielectnc oioaide or other deposited didconcs poaaeaaiag the 

osde grown to a thickness of 40 nanometers on N- 3^ .pproprute characienitics for efficient erase condt^ - 

doped and textured polysilicon eaa conduci by eicc* ^ SOicoa Nitride. Its tfaickacss is betweea 30 

troac cunacUag approiimaieJy the same carreat dcasity ^ ^ aaaeoeteri. 

u a tuancl dielectnc oaide of 10 naaometen thickneu ^ ppg,, gf Bgaiflcazwe it the &et thai the tuaad 

grown on N doped siagle crystal tilicott ondcr idenn- dielectric area coatributiag to erase ia each cell coasixt* 

cal volup bias ooaditioas. It b believed thai this highly j j isg of the oombiacd areas of SSltf aad 56U. is taaessi- 

effident tunneling mechanism is a result of sharp upen- q^, ^ ^ ffltsaligameat betw tan cdgo 533a. 563a 

CUB at the grata bouadaries of the polysilicon which is of floa&ng (au 504a aad erase gats S30. 535. (Nou that 

specially textured to eahaacc the araal deasiry of toch ^rue gate luch u 530* is shared between two 

asperities. A commonly pracuced technique is 10 first adjaoest '■^'K stttb u iOOd ai^ Mr ia this caatX Any 

oxidixe the surface of the polysilicon at a high tetapera- ^ « iM.h *P..*«itjwwi^ T will rcsuh ia a reduction of the area 

tore 10 aoceatuatc the tcxmrtng. then ttrrppsng that ^ ^ w.ti«M»i dideohc at ooe edge of the Ooanag gate, 

oxide aad rcgrowiag a tuaaei oxjdc ai a lower tempera- ^ an iaoease of equal mafnirade ia the area 

turn. The oxide film capptag such aa upenty expert- available for tviaeliag at the other edge of the Aoatiag 

cace a local ampliTieaQon by a factor of fo«- to five of "nas foiure permits the coastruction of a cell with 

the applied clectnc field resulting in an effidcat local* 4) very area of Rmad diekconc. By ooozrast the 

ized ruand injector. The advaatage provided by the ^gp^t an thple layer Flash EEprom ccUs of Manioka 

thicker fUass of tuaaei dielectric is that they are atich ^ JCuo rcfercaoed above are aessuive to mask m»> 

easier to grow in uniform aad dcicet-free layers. For- ^u ^t^w^^t ^ad therefore require a smu-tur e whereia the 

ihcTBore the dcctrv field strca duriag tuaachag m the noosial area pmv«dcd for tdaoel erase ouy be nmch 

thick (40 nanometer) tuaad didectne is oaJy 35 percent 30 larger thaa the opctmum such area, ia order to aoeaB>- 

of the stress in the thm (10 Tumomrter) toaad dielectric. Mdau for the worst cue maaligBasem ooaditioa 

assumfflg the same voltage bias oonditiocia. Tlua r»- A^Mt^mr dtstinfuishing feature of this emhodimem 

duoed sveu traaslaies iato higher reliability and greater relacive to the Maxuoka ceO ofFTOS. 3e aad 3d ii that 

endurance to wnta/erase cychng. For these reasons, all Mnooka implemcao the erase gau ia a flnt ooDducove 

Flaah EEprom mhnrtimmn of this mvsttioa rdy oa S5 layer 330 aad the floatiag gau ia a seooad ooaducovc 

polypoly ermae through a raiaavdy thick tuaad didec- layer 304. ia a reverse order to that uaed ia this 

trt& isveatioa. This results ia a far lea cffidcat cunad erase 

la the embodimcai of FIGS. 6e. 46 floatiag gau S04a ia the Maaooka ceil bacaoae the asperides ia Mataoka's 

is formed ia a first layer of heavily N4> doped poiysli- toaad dielectric 331 an at the surface of the cme gau 

eaa of thickaess bciwaan 25 aad 400 aaaometen* erase tt (collector) rather thaa at the tajaomg luriaoe of the 

gauB 530, SIS are formed ia a second 4ayv' of Qoeaag gate. Therefore Masaoka's edl raqmraa higher 

doped polysilieoB of thickacu betweea 50 aad 300 cieeoic ftdda (aad therefore higher Vfjuig voltages) 

naaometen. aad eoetrol gau 509 is formed ia a third thn the ttraetare of this iaveaooa. 

cooducsvt layer of thickactt beiweea 300 and 500 Typacd bias vohagc conditions aeeessary to erase 

naoomcters. which may be N4> doped polyiilicoa or a iS memory oeUa 6000. 6006. 60Qr aad 60Qrf are; 

poiyode. a silicidc. or a rdractory mciaL The erase gau ^tMAU (oa all erase gna 530. S3S. S30« 15V to 

caa be formed la a relauvdy thia Uyer because a reU- UV applied for betweea 100 tn i l li secon d s aad 10 see- 

uvdy high sheet resuovity (e.g, 100 Ohm per square) oods (the palic dnratioa ia strongly dcpeodeat oa the 
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muTuiude of ^vuuh ^cc^oy, Vjj^ov. Vq tnd tion wnere a qutow p»miuc edge tnniuior » crcaiefl 

V5 CIS oe neid it OV or ti t higher voiuge oerween 3 V under control gate 709 m paraUel wub the iplii ehansei 

and IQV. 10 at 10 reduce the net voiuge eipenenced Ll and LI However, as with ccU 600d. nnoc eruc 

dunng eraie aeroti dielectric film MS0 m areas lucA u gates 730. 736 and control gitc 709 are formed m two 

S63 (FIG. 6a t where ertic gate 530 croues over drain 9 separate canaucuve layers wnich are isolated from etch 

difTitnon 5Q3. other by diciectrtc insuUtor nin 767 (FIG. 7^) there is 

III Self AligBcd Split Ounnei Fash EEprom Ccli [IC^.^ThL^^^^.e^ 

With Fieid Plate Isolaoon septrauon 2 berween edge 7f4 and edge 7M. In fact, 

wim rieto riaie isoiaoon ^ ^ allowed to overUp each other 

A 2x3 amy of Flash EEoroto cells in accordance lO througa ovenizmg or through auaalignsieot. Le.. Zean 

wttb another cmDodimcnt of this invention u shown 10 ^ ^ero or acgaavc. Diclcctnc tnsoiator 767 also fonxu 

topological view u FIG. 7a and in two crou lecnonal p^,, ^ OKleemc 766 (FIG. 7e) over channel 

views AA and CC in FIGS. 76 and 7c respectively. ponton Li 

Crou secconai view BB is csacntiaUy the sai&e as the . memory amy soocc difnaion 701 and drain 

split channel Eprtm iranswor of FIG, U IS (jimaion 703 cu be formod in loot unpi. If tnnBstor 

Split channel Flash EEproo transutor 70Qff employs 590^ ^ „ Eprom transmor. than source di/Ta- 

three conducnve laycn (Ooatiag gate 706 eraM gates ^ 731 ii tdf alifscd to the pfwiOBsly 

73a 73S and control gau 709) formed ia the lame se* adewaU space- (not shown) while dnin diffusion edfe 

qucBce as dcscnbed in secnon 11 in conjuncaon »nth the 7^ k «if aligned to edge 732 of noatng gau 706a. In 

Flash EEprom transmor 600d of RGS 6a. 66. The 20 between adjacent floaoag gates 704o. 706e the 

major dmiacmshing feature of irinwtor 700a u thai ^ di/Tusioo edges <73U. TJlr in nO. 7a) 

erase gates 730. 73S. 736 a« used not only for tunnel ^ei^veiy mu« be prrvtnted frtan mergins whh one 

erase but also u the switth«l o(T gates of isoUuon field TTiis can be accomplished by for example fim 

transutors fonned oaittde the active transmor regions. n*.,^, nru^ . imi* 

TTius. ihe thick isoplancr isoUtion oxide 562 of cell 600a 23 ^°™"« « 706e as part of a long con- 

invu ui« «iica uopi»ncr ocuuon o»j«c ^*ai tuitiotts finp of po yalicon. ihcn usttg ihu stnp with an 

plsu) 730. 73J. 736. wtiicfa ire bdd u OV M lU tiaes tnd only ibca cteiBa( Uic 

duri«r«Im^ men ire noa K « « lu us . ^ eoBtaooM »mp of pelyBlieea «too( ed|a 732«. 

^SuWU»d,ick uopluuro^d. i»de .h. ft2* loiun,^-. TW. 704,. A. w,Ul 



amy of memory cells (this isoplanar oxide may soil be 



the prior FUah EEprom esbodimcm it is ponible to 



retained for isoUtion between penpheial lope trans* ^,^2 * ^ ^'^^ ^™ 

ton) has several advaauges ctfl 1600 mO. 16e) or with any Other pnor an tpbt 

1. ne surface stress at the siiiconniUcon dioxide J3 channel Eproms so long u they do not have their iso- 
boundary due to a prolonged thermal isoplanar oxida- isoiauoo oxide umde the memory irray. 

tion cycle ti ekminatcd inside the amy. resulting u less (y. Self Ahgncd Split f>«**>« Flash EEprom Cdl with 

leaky source and drain junctions and tn highc quality Coaftned to The Verocal Edgo of The Floating 

gate osidcs. r^t^ 

2. For a given ceil width, the elioiination of the iso- 40 . , ^ 
planar oxide aUowi the effective channel width W, Aooeher embodimeBt of the self aligned split channel 
nn^mr floatfflg gaie 706 to extend all the way berween EEprom of this iaveaoon can result m a ocll 
4hc two edga :32a. 763a of the floatag gate. By com- *l>>ch has smaller area than cells 600a and 700a of the 
panson. cfTecovc width W of transmor 600a embodiments de^nbed in Seetsoos U and HI respec- 
(FIG. 66) IS dcteimined by the edgo SOS of the tsopla- 4S o^^- this third cmoodizocnt the area for tunnel 
nar oxide and is therefore suOsantiaily tmailcr. This berween the floating gau and the craae gau u 
difTerence resulu in a higher reaA signal for eeU 700a. or confined essentially to the nirfMUS of the vertical side- 
a narrower, smaller cell. ^'^^ ^loog the rwo edges of each floanng gau. To ben 

3. From capMoave coopiing conxidentkms (to be uodcmud bow cdl tOOa of this embodincm differs 
discussed in seetioo VT bdow) the cfTlciescy of tunod 30 ccU TOQe a 2x2 amy of ccUa tOOo. 1006. lOQc aad 
erase is higher u '^n* where coupling of the floatag Wtf ara shown in FIG. le ia topological view and in 
gate te the nlicoo subetrate 763 b ^eaicst. la transstor FlO- «* dong the same ooes SMtioa diwtioa AA u U 
7000 the ennre bottom surface area of the floaong gau th» caae ta FIO. for cells 700a. 700c 

ia QghUy coupled to the substrau 763 ttsough the this CaO SOQo has a floaoag gau KM* fomcd in a Am 

gau diciectnc 764. By coatrast, in traasnor 60Qa (FIO. 3) Uycr of beavay N-f doped polydlioon. This gau coo- 

66) mach of the bottom surface area of floating gau treh the traasmor ceodactioo ia channel portioa Ll 

S04a ovcrtiea the thick field oxide S63 and is therefore (PIO. Se) through gau oxide iasuladoe fOm M4. Co»- 

aoi strongly capaciovciy ooopled to suhnraie S4S. irol gau 109 is formod ia the aaootid oonducdva layer. 

i. The width of control gau TOf between its edges aad is insulated f^oo the floaoag gau by dickctric fUm 

744 aad T74 defkea c^iaaael width W} of the aeies 40 667. which say be a thermally growi oxide or a oombt- 

enhancencnt channel poroon L3 (FIG. 7c). This per- naooa of thin nliooa dioxide and aliooa aiaide fllma. 

mtia the rrducooa ia overall cell width due to rcmovd Edges f74. 144 of control gau 109 are aaad as a laaafc to 

of the reqairemcnt for the control gau to overlap the deftm by self aligned etching the edges M2a. I32e rt- 

edges of the noplaner oxida. One pmunon necessary spanivdy of floatag gau •06«. Erau gates 630. Ui are 

n the faOncatjett of cell 70Qa is that any mmlignmmt 63 fomed in a third eaedoeov« layo aad are made to 

bcrwccn the maak layers defbing edge 732a of floaong overlap edges tSle. 162a of floacag giu 106e, Each 

giu 704a. edge 7B4 of erau gate 73a and edge 744 of eraa gau tach as 630 is shared by two ad)aoem ocils 

cooKTOl gau 709 masi not be allowed to crcau a situs* (tuch u tOOo, §0Oe\ 



5.095,34. 

Tht erise |itn are msaaicd from control gate 109 by yteldi ihe ipiii channei Eprom strucmre 500a of FIG. 

dttiecinc lasuutor 197 wruch u grown or depoiiud Sa 

poor to dcpoiiuon of cruc gaia t30. 133. U6. Tunnel Trtaustor 9000 u a tplh caanaci Flaih EEprom iraa- 

cnu oidecincs UU. 14 U are confined to the surface ustor having channd pomont Ll and L2 formed by tclf 

of the vertical edges Uld. 162a of ihc Hoanng gate 3 aliguneni u in Eoram iruusor 500a or in a acn Kif 

me. Eraie gtic 130 ilio orovida a field piate uoiaiion t^^ed manner as in Eprom tnn&ator 1400. Erne gixc 

over oxide 463 in the field between adjaeem devtcea. 930 u a narrow conductive imp sar^wiched between 

The thickneu of aJJ coaducung and insulating layen noacog gate 904a on tbc botioiD and control gate 909 

in ftrvcTure 100 arc approxifflaieJy tbe same u those qs top. Eme gau 930 is located away from edges 933a. 

used tfi ttructure 70Qa. However, because the erase gate to of the noaong gate. T^oe edges therefore play do 

a trapiemented here after, rather than before the control fQ|, ^ ^ cunnd enac whiefa caka place through 

gate, (he fsbncaoon process sequence u soaewhai dif- ntimel didectrK 931 confined to tht area where erase 

ferent. SpccificaUy (sec FIGS. 4a. $b): ^ f jq ovcriapi floaong gaxe 904a. Erase gau 930 also 

1. Bosun g gates 404a, 404c are formed in long con* overlaps a width of (he sous e&hanccmcat channd 
iinuous and narrow imps on top of gite onde 164. The IS pomoo Ll Ounng read or pi ogiaium iog> erase gate 
width of each such imp ts Ll plus the cxieni of overlap 930 ^ held at OV. and therefore the channel pomoo of 
of the noatiag gate over the drain diffusioo. ^ eoatnbote ce the ra^ or progno 

2. Didecmc 447 is foracd and the second conductive cunenL The only coatnbuooa to eosdocooB la channel 
layer (N- doped polysUcen or a tUidde) is deposied. poraon L3 coma from widths and where the 

). Control gates 409 art defined is long narrow snps 20 ^^^^^^ „ eontroUed directiy by coetrol gaic 909. 

in a direcnon perpendicular to the direction of the imps o^,^>i ponjoo Ll howew sc» coaductioa costhbu- 

of noaung gstes. The nrrps are euhcd along edges »44» ^ widths. W.aad W» Edges 933fl. 

474. and insuiatod with reiabvdy thick dielecoic 49T ^ ^ f^^^ pu 904# ctt be etched to be self 

4. Edges 444. 474 (or the edges of msuUtorspaccr 499 ^ ^ ^ ^4 ,„pecnvdy ot control ptc 

formed at both edges of control gate smp 409) are then 23 jQj -nu, fenoMoen of channd nop 

us«l to etch didtcinc 44T «d thoL m a sdf aligned ^ ^ unpiannng a p type the Add re- 

tnaaner to also etch venxal edges 432a and 442a of the ^ «^ Seating gate (FIG. 

uaderlymg Hoaung gau ttnpi, resnlting m isolated om 



floaoflg gstes which have caipoicd edges of pdyniicon 



One advinugt of ecO 90Qa is that erase gate sthpa 



eojydong ihoe verocdwd^ » 930, 934 c»n be made very lantjw by taking of con- 

«U«* undercunmg by for cample etchinp of the 
^.S'T^^^^'^'^^''^^ . . oo.ductiveUyerfcit«2gtb«««rSLThiSfi^ 

6. A third conductive Uycr ts deposited, from whjch ^ „ 0/ maud eraae. wtncfa a isMBStive to mask 
are fonned erase gates UO in lonf stnp. running in aauligmnenL Ftmhennotechmmd width W,«^ W,is 
between and paraUd to ad)acem nrrps of control ptes. JS ^ j^asmv^ to mask miniinacm. TTus o^bodstat 
TTiese erase gates also serve u Add isolation plates to I^bCTSt J«« ™ 

»i«^F^iiv vusUtm .Hu^* »^«.r i. tk. ^ EEprom can also be uBplememed 0 cenjunc- 

d«naUy tsoUie berweea adiaent regioos m the twa with prior en split channd Eprotns cdU wch u the 

Flash EEprom irmnsutor 40Qa can be implemented in ^ 
ean;uacuoo with any of the split channd Eprom traa- 40 VX Device OptimiutioQ 

smon of this invenoon (trinamori 500a and 1400) or „q ^ —r^o a schematic of the major capad- 
^^a^h^sTMaJ^^or**^^ r^^^S^f^^T^otS^^^ 
S:;^of^'^prS:^^^ t^EEp™ncdbofthismvent>ontoth.na. 
cated by adding a few process steps to the fabricauoo 43 ^5^*^^ 

procesi for the split chamd Eprom transistor 1400 yeoftcauy tae» arr ^ 

(HG. l4cK u foUows: Co-Capacstance bcrwccs Floaimg pu 1104 and 

Steps 1 through 10 art identicd to steps I through 10 c«ft>l gau 1109. _ 

described vn Section Lb. in coniunoioo With the laua. , ^^7^2?*!^ 

factonng proce» for tpta ehaand Epnn trumsor 30 h««-« FWm« 11D4 ^ 

I4gg Cfwapacnaooe between rioatnif pte him ana 

Sups 11. Hand 13 are the prooem sups 4. lead 4 «5«n»"0- 

refpecovdydeacnbcdinthisaactionlViDGoajtaaioo Cf-Cap^tance between Floatmg pu 1104 end 
with split channd Flash EEprom tnoutor 40Qa. ***** 

Cdl 40Qe renin in a vsy imalJ area of tunnd erase. 33 Cr-Q;-i-C©-^Cj-»-Cf ts the total capaeitaace. Q is 
which IS also rdativdy cuy to ooatnl fit b not defined ^ charp swred on the floaang gate, la a virpa 
by a mask dimeasioa. bot rather by the of the ^tr^iete, QmO. la a propaimucd device Q is aepove 

deposited Uyer eeastinmag the Aoating pus). For this «i«oas> aad in an erased dcvioe Q is positzve 

reaeon. this cdl is tbe moei highly embodiauot (a>aea faolesV 

of this invenoon. m volup oa FToaiiat gau 1101 b propor. 

tioBal to vottaf ct Vox Vfjuift aad 10 the 

V. Sdf Aligned Split Chanad Flash EEprom Cdl With charge Q aceordiag to the foUowiag cqvaboa: 
a Boned Erase Gau 

A 2X2 array of Roh EEprom o«Us90tto, 900*. 900t g ♦ >^ccCo ♦ ytMduCg - VfCp * fCa O) 

aad 900rf in aecordaacc with a fourth embodimot of 43 " * cr 

tha invention is shown in topologjcd view in PIQ. 90 

and in two cross sectional views AA and DO in ROS. In all prior an Eprom and Flash EEprom devices u 
94 aad 9e rapecovcly. Craas section BB of F10. 9e wefl u ra embodiment 400o of this iaveatioa, the domi- 
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nant factor in Cra Co* lite coupUni to the cosTrot giie. EEprom drvKcs tike idvtnugc of the trui memory 

However, in cmbodimenti TOQo. lOQs tnd 900^ Cg i% window. In faa thev* ignore aitogether the refioa of 

tiso a major contnDuior by vtrtuc of the fact that the device operation (hatched region D in FIG. lib) where 

ennrc^bottoffl surface of the Hoating gate u ttrongjy u more nepttve than Vn- 

coupled (0 the tuonraie. 3 mvenoon propotei for the Ant time a icheme to 

a. Elect ncaJ £rue take advanugc of the full memory window. Thb it 
Dunni eraie. the typical voltage conditiona are done by using the wider Bemery window 10 tiore more 

Vcc-OV. Vo-OV. V3-OV. V,j-OV and ^ ^ therefore more than a imgle 

iX« 20V. Therefore, luhsututuig in equauoo( 1 ). bh pa* ceiL For exafflpte. it u poiatble to ttore 4. rsihcr 

_ ^ _ 10 thas 2 states per cell with thc» ttaut having the fol- 

y^Q^Cr^KCt/Cr m ^^^^ ^^^^^^ 

The electnc field for luaad eraac u given by 

Sim ^T'. — ■ •■ftJ V I'n * * 1.0 V 

where 1 a the thickncai of the lunnel dklecsnc For a (nra^M mwnnwi m 1. a 

V£ita£. £cA4U u mmmiiwl by making V/q 

imail wtoch. from cquauon (2) is poasibic if C«/Crti ^ • *" v. ^ ♦i-O v 

tmaU. Efflbodifficau TOOb. IOOo and »00ff aUow ihii 0»«.^«>-ai. 

condition to be readily met: Cf is mall since the area of 

tuand diclectnc is laall. and Crts Urge bcerac both (iomtf«caaaV» a a 
Cc and C« arc large. T^eae eabodimeots are therefore 

pareculariy well suucd for effioeatly coupling the erase To acme any oae of these four lutck the coaffol gaie is 

voltage acrou the nmnd diekcmc. nned to Vcc* 4- 3.0V a^ the so ufwdriiB current 

b. Moldsutc storage lof i» tOKd through the rgmpoiitt dtvict. Stace 
The split channel Flash EEprom device can be Vn* ^ l OV for all four thmhold itaso tnasisor T: 

viewed as a composite tnniutor consisting of rwo tran* bchavci simply u a sctms rcsstf . The conduction 

iiston Tl and T3 in series— FIG. lid. Trantutor Tl is cvrreot Ifljof the coapoiitt omnamor for ail 4 nam is 

a Ooaung gate cransuior of efTcetive channel length LI ihowa as a ftmcooo of Vco ia F10. lU. A currcst 

and having a variable threshold voltage Vn, Tnasttor Mn&ng amplifier is aspable of cuily dtaiafaisfaiBg be- 

TShna Axed (enhancement) thrctholdvolugeVnand cwveo these fov coaducson stales. majamum nam- 

aa eiTecQve channel leagih LI The Eprom program* ^ t^tm^ which is reahsbally fcu^ ii ^^^^^^ 

mmg cha f »cterinics of the compoaite traasutor arc by the aooc MUiivity oT the Mas* amp&ncr as well ts 

shown m carve (a) of figure lU. "Hie programmed by aay charie km which eta ba emcied over time at 
threshold voluge V„is ploned u a furoioe of the nme " ej^yited tapcrtturo. Eight dis^oeoaduetiOB ku» 

iduring which the programming conditions are spp^ ^ accenary for 3 bit storage per celL aad 16 distiaci 

TDcsc prograoimmg eoaamoas typicauy art eonductiOB states are rwaired for 4 hit smraae ne» cafl. 

Vca*12V. V0-9V. V^V„-OV. No p«p«. "TSSSSL^^ 

y^A^n^ Vn-*KOV. Aii prorimining ^^^^Tt'S^^^ 

for approsimateiy 100 microseconds the dev«* reaches S^ 6^^ 

a ihrohold voluge V„t +«.0 volts. TTiis represents "r^. ™ coadiicooo states by havmg difTereat 

the ofT CUn sttte because the composne d JS^does "^^^^i*?! "* "^H?" 
aoc conduct at V««-3.aV. Prior art devices employ *> po»««nt«hm^ 

a so called -iaielligeni piogrammmg** altornhm *^ eooducooa suiaa per ROM ccU caa be 

whereby programmmg pulses are applied, each of typi- •^k-^ *nr csabli^g wiUi two phocolithogr^ 

calJy 100 microteeonds 10 I miUiseeoad durattoa, fol- B ik» oot o f aeveral va^aa of traaMr chaaaal width 

lowed by a aoistog (rauj) operaaoD. Pulses are appiicd * traawtor cfaaaad leagih. For aaaaipla, aeh vaaas- 
oanl the device tl sensed to be fuUym Use off Sttcaad » toria a KOM array may be fabricasad wtth oaa oftwo 

thca one to three more prognaumag pobea art appticd chaaad widths aad wHh 0"*.^^wo ^nael kagiha. 

10 ensure loUd prograounability. rawltiBg ta foor di ci n ct B on h inaooot or chaaad widtfi 

Prior an split chamicl Flash EEptom devices erase l*agih» aad tbcrefert ia foar disiiact coadacovt 

with a single puhe of sufAeicai voltage Vxjuxg >ad ^bbubl. Prior art rnnlrisme DRAM oeib have abo bcoi 
tuffldeat dunnoa to easara ih« Vn is eraMd to a SS propoMd where cKh oeil te tba array ta pbyncaUy 

vdugc below Vn<curve b) ia FIQ. lUV Although the td«ical to all other ceOs. However, the charge vored 

floatmg gate trmo&stor i&ay contintte to erase iato dcple> ^ the cap acito r of each oeD may ba qaaatiad. malting 

nan mode operauoo (Uae (Q ia nO. IU\ the preaoce ia aeveral disiiact read aifaai Uvala. Aa caapU of saeh 

of the scnes T3 transotor obnrts this dcpktioe ihmb- pnor an maltisute ORAm Konge b dcKvibad la lEEZ 
old voluge. ncrtfore the erased OB rnmciinpre* «0 Jommmi pf S ^ t id-S tan Omua, Febraary l9U.p.27lBaa 

waicd by the threihold voltage V^.^rs*-*- IjOV. Tbm aiDcla by M. Kongnchi « aL eastlad *Aa EapcnraeB- 

Beasory storage "eiadnw^ is givta by tal Large-Capacity Smeoadecter Rle Menory U^ag 

AV m VvTtn - V«rn-«^- 1 O - S.OV. how. IM tvaU/CeU Storage**. A anoad oaaplc of phor an 

ever, the iroe memory itorige wmdow should be repre- oohiBau DRAM ii pravidad ia IEEE Cirnaw /asr- 
icaied by the full twug of Vq for tratmstor Tl. For 4S fwatf Gmua Coi^/tfnt^ May Iftt. p^ 441 ta aa 

•sample, if T] ia crmaed uto deplctioa throhold voltage article eaiitlad "Aa Eapenawatt) 2-Bit/CaU Storage 

Vn » - }.0V. thea the true wmdow should be given by DRAM for Macroeall or McB»ry<a*Logie Apptioa- 

4V«6.0-(- Ji})-9.0V. Nooe of the prior an Flash tioas'* by T. Farayama ci aL 
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To uke full tdvtfiitfe of muliisuu ttonge in nected to the control |ftto ud dniiu rnpeciively of 

Eproffls II It neeoury thit the progrenucufig ugonthm rowt tnd eolnmns of cells. Each bit line u nonnally 

tilow progTunffiing of the devKc mio uiy one of icv. prechtrged to a voiuge of bctwctn 1.0 V tad 2.0 V 

cfal conduciion satci Fim ii it rtqturtd thai the dcvtce dunng the tunc berween rod. prognm or cnac. For a 

be erued to a volugc Vn nore negauvt than the "3" S four tutc storage, four tease ampurien. each with tu 

lUtc (-3.0V in this cufflple). Then the device it pro- own dittmct eurrnii reference levclt IREF.O. IREF.l. 

(rammed m a thon programmiag pulse, typtcaily one 1R£FJ. and IRE5.3 are attached to each decoded 

to tea ffltcroteconds tn dunooa. Prognsumng coodi* outpat of the bit Una. Ounag read, the CBrrcni through 

noas are teiected such that do tiagle pulse can shift the F i>th EEprotn tnaunor a compared nsoit*- 

dcvtce threshold by more ihaa one half of the threshold io neoosly (i.e. la parallel) with theM four rcfcrcacc levels 

voiuge dilTerence b«w««a two tucceativt tutes. The opermooa caa alao be performed ta four eeaaccu- 

device It thai seated by coiapanag its condacooa car- ^ , «es»c afflpUTtcr with a 

rcat Ids *»th thai of a refereace current source I i differtat refereaee applied at each cycle, if the acien- 

(i-aiOJ) corrapoadiag to the desred eonducnoa «idinoaal time retjuiied for reading is aoi a coa> 

tutc (four distinct refereace leveUmw bt provided ij ^ ^ provided from the four tense 

correspoodihg lo the four ttaiesi. Pragrammmg pulses .^aaliflen through four Di buffen (DO. DL D2 aad 

are continued until the teased cuxreai (solid hacs m nj\ 

no. llr ) drops liighUy Wow the refereace cjirreat ^ propiammg. the four dau iapats Ii (l^ lU 

correipondmg to the d^ one of fojtf ftaie. (dashed ij) „e>S«id to a comparatorofcuit which 

liacs la FIG. lie). To better illustrate this pout, auume m *^ \ , ^ - 

hST^ i^l««li«7«^ hv MD " tlio haa preMated to it the four scate amp outpau for 

that each programmiag pulse ranesyn, linearly by OT .^^.^J^ ceU. If Di t*'*-** U. ihea the ceU U in the 



BuUivolo. aad attune further thai the device wu ftm 
criaed to Vn - - 3.2V. Then tH 
mm^teasiag pultct required is: 



erased to Vn - - 3.2V Tto the number of program- «*t* aad ao progrmmmmg is rvfiared. U how- 

" nun»»cr ei ev€T aU fouT Di do BOi mtich all foor ^ Umb tbf com. 



mm 02- (-4J)yj m M 



„ parator o\iipai aeovtics a pfognmaiag coatrol drcait. 
" This cuTBit ia cara coatrols the fait Uae (V?BL) aad 
nT ^ZiZ L 0 J "JovJ m i Uae (VFWL) prognaffliag pulse geaeraton. A 

oagle short programmiag pulse is applied to boch the 
Par Mtt -r [Kn • -ai V) aalectcd word liae aad the tekcied bit line. This ii fol- 

N«.oipM - <u - W2 - 14 J ^ „ determine if a match 

Fv wrrKn • ^-lAV) berwecB Di and li has beea cs nhmbed Tbi$ tequenoe is 

N«,«r p«ta • <u - (-loivj • u repeated throofh multiple programmiag/readiag polaes 

aad is stopped oaiy when i match is cttabUahcd (or 
eulier if i»o match haa been enabiishcd but after a preset 
Ij Bflubmnm mmber of pultft has been rcKhcd). 
In ecnul fact shifts ia V, are not Uaear ia time, as . p« mult of lach muWmxe profrimming al^^ 
shown in no. lU (carve (a)X therefore requiring more ceU is propmmed mto any one of the four 

pulses ihaa indicated for tiAtes"!** and m. If 2 micro- cooducncn rates m direct corrdaooa wnh the refer- 
secoodi is the programmiag poise width aad ai micro- condocooa tuiea Iw »- " » the ame ame 

s«»ads is the ome requred for tensmg. then the maxi- 40 wnpimer. used daimg programmmg/readrng pata|| 
mom ume required to prognm the device into aay of aw alao u«J dormg seasisg (le, darmg aormal read- 
the 4 lutes u approximately 39x2 + 39x.l-ll.9 mi. mf). This tUowa eaceflem tnd^g bowea ite refer- 
croKcoads.T>us is lenthaa the time required by -iateW «ea leveh (dtthed Imcs m HO. I If) and the jwo- 
Ugeat programmmg aJgonthmt * of prior art devices. Ia pmnmed coadaeooa leveU (sobd kao » FIQ. IU\ 
faa. with the new proframming algorithm only care- 45 Une memo ryjrray s aad also fctf^a ve ry wide 

fully metered packeia of elceiroat are injected darug opermrmg mupy amies. rqnh emora, because 

pTOgraauaiag. A further benefit of ihta approach is that * carefully metered Dumber of dcetroia ti mtro- 

the semocng during reading it the scoBag as ***** daeed onto the floatmg (ate dariaf progirsmmmg or 
donag prognmmmg/iatsug, aad the same ref er ea ce removed dariag eraamg* the device ezpeneacea the 
currcat lourcci arc used ia both p^'y i rgpirg and rea^ 90 minimiuB amoaat of eadanace-related stres poaiftlfr 
mg operationa. That meaas that each aad ev«y memory I> •craal fact, although four reference lev^ aad four 
ceil in the amy it read relative to the tame rcfcreaoa wsaa ampUficn are used ta program the cell iato oae of 
level u lucd duriag prograoL^tcaae. Thii providca ex- fon disnact coaductioe Rates, oaly three nae ampUfl- 
rtl*cnt tracking cvca ia very large tnt mffry anayi. ^Bd three refereace levels are required to sense the 

Large memory tyitems typically tacerporau error- 93 correm o ne of foor it ored g ates. For e i a mp l e , ia FIO. 
detecooB aad concct ioB schemes which caa lolcratt a Ufc I*£K*"2^ «» diifaemiate oorrcctty between ooa- 
smaU aumber of hvd mm Le. bad Flash EEprora dnctioa ttaia -3* aad -T, I*iK"n can diffcrBmate 
cells. For this reaaoa the proframmias^taag cycliag correctly bcrweea eoodactioa states *T' aad aad 
algoruhm caa be aatomaitcally halted after a certam IaxK*^ caa differcsoaie correctly bem at-n oondue* 
*.»*«ittttm number of profraamuag cyda haa baaa tt tion watea **!'* aad *xr. Ia a pracocal implemnnarimi of 
applied cvca if (he etU beag programmed haa not the drcaii of nO. lie the refereace tevali Im i 
reached the dcsred threaheJd vohage ftatc, iadicahag a 0*aU) may be somewhat shifted by a fiaed amoaat 
faulty memory dviag acasmg to pUoe them dais to the msdpomt 

Ttev are several ways to implcmcat the mahistate becweea the corrapoadiag lower aad hither caaduc- 
itarage caaoepc ia caajuneiion with aa amy of Flash 63 tion nates of the call bciag teased. 
EEprom iraasaton. Aa eumple of one such muiii ia Kou that the aame prtaaple em ployed ia the drcait 
shown m FIO. lU. la this orcait an array of oumory of FIQ. lU cn be ased also with bioary ttefagi; or 
cells has decoded word liacs and decoded bit lines COB- wiib storage of more ihaa four sates per ceiL Of courae* 
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crom oiher than \ht one mown in FIG. lit ire aiso «ad is known u the ininn»c brc»kdowB of the device, 

potnblc. For eumple. voiugc ievcl tenua| raihcr than In memory unyv of pnor art devices the window clo- 

conducnon leveJ %eimn% can be empicycd. uuv is what limus ihe practical endonnce to approu- 

c. usproved Ourge Reteaooa mately I 10*cyetei. Ai a pvea erase voha|c ^£]US£» 
lo (he example above, natei "r tad "2" arc the 3 the umc reqvored to adequately enac the device caa 

rcnUi of net posuive charfe Oiolet) on the noaung gate stmch out from 100 Bulliscconds mttiaUy (Lc. in a vir- 

whUe lutes M" and '*0^ are ihe result of net negative gm device) to 10 seconds in a device which has been 

charge (deorons) on the noaimg gate. To properly cycled through I x 10* cycle*. In anocipauos of tocb 

seme the correei eooductioa state dunng the lifetime of degradaooo pnor an Flash EEprem dmcas specify a 
the device (which may be tpeo/ied u 10 yean ai 123* 10 sufTidsitly loog erase pulse dvnoa to allow proper 

C) if u Beccuary for this charge not to leak ofT the erne after 1 x 10* cyeka. However this also n»lu tn 

floenag pte by more than the equivalent of approa- virim devtees bexsg ovcremed and ihcrafore bciag 

outely 200 sullivolu shift in Vn. This condttioo u unacccuanly ovcmrcsaed. 

readily met for stored electrons ra this as well as all A looond probloB with prior an devices ts that dur- 
pnor an Eprom and Flash EEprom devices. There a no is iag the erase palat the rannd diekcmc may be expoaed 

data in the literature oa charge reunnon for stored to an cioessively high peak (traa. This ocean in a 

boles, because, u has bees poiated out above, none of device which has previoaaly been programmed to tutc 

the prror an devices ooacere themselves with the vahie *ir (Vn * ^4. jV or higher)^ This deviei hu a large 

Vn when it is more negaove than Vrt wfaca holes negative Q (see cquboo (2)> When ygMja^ applied 
are stored on the floanag gate. From device physics 20 the tuaaei didecmc is mooacatarily cipcfri to a peak 

coasidenueai alone tt is expected that retenoon of elacmc 6eld with coBpoaeao £rom ^EJua** «cU as 

holes trapped oa the floating gau should be sigmft- from Q/Cr (eqoaooas (2) and 0))> This peak field is 

caaily lupcnor to the reteanon of trapped decirons. ewmaily reduced wha Q ii rednead to sen u a 

TTiis IS because trapped holes can or>ly be aeucraiited by coaacquenee of the nmael erase. Ntvenhelcn. pema- 
the wjccnoa of elcaronsonio the Hoaiing gate. So long IS acai and cumulative daouge ts milicted through this 

u the conditions for such injcctioa do not exist n u erase procedure, which brmp about pmanira device 

Simon impossible for the holes to overcome the potea- failure. 

oal bamer of approxxmateJy 10 clecuoavolu at the To evBceme the cwo problems of e versa cm and 

filicoa-silieon dioiide interface (compared to a J.l elec- window dosara a new erase algorithm is '***^}'^ 
troB volu potatiaJ bamer for trapped dcarons). 30 which can also be applied equally well to any prior an 

Thcrefora n is poaaible to improve the reteaiioa of Flash EEprom device. Withoat tiKh aew erase alg^ 

thn device by assigning more oftbeeaaduction states to rithm it would be difnealc to have a salcistatt device 

states which involve Dipped holes. For example, in the mmot, from carve (b) in F10. lld^ ceodaeiioa ttato 

example above tuu "1** had Vn^-^tOV, which in- having Vn nort aegazivt than Vn may be 'trfmin^fm^ 
volved trapped dectrons since Vjy for the virgin device 33 after 1 x 10* to 1 x 10^ wme/enae cycles, 

waa made to be Vn • ^ 1.3V. If however Vn of the FIO. U ootiiaes the ouia steps a the seqacace of the 

virfin device is raised to s higher threshold volugc; ay aew erase algonthm. Assame that a block amy of maa 

to Vn- *3.0V (eg. by iacrcasag the p-type doping meaory cells is to be ftilly erased (FUsh erase) to state 

coBODtraooa ia the chnad regioa StfOs in FIO. ia\ -J- (highest coadacovity aad lowest Vn stau). Cenam 
thcB the same suu '*r with Vn^-flOVwiUiavolve 40 parameten are established in coajuaction with the erase 

trapped holo. and will therefore better retaia this value algorrthm. They arc hscd ia FIO. U: Vt is the erase 

of Vn. or coune ii is also posabtc to set the reference voltsge of the firtt one poise. Vt is lower by perhaps 3 

Icveb so that most or all states wiU have values of Vn volti from the erase voluge required to erase a virgn 

whseh are lower thaa the Vn of the virgu device. dtnce to suu "S" la a oae seeead erase pate, t is 

d. Intdligcflt Erase for Improved Endurance 4S chosea to be approximately I/IO Ih of the r e quii e d 
The endurance of Flaah EEprom devices is their to felly erase a virgia device to state T. Typically, Vt 

sbiliry to withstaad a given aomber of program/erase may b« bcnraca 10 and 20 volts while t nay be bcnv«cD 

cycles. physical pbenomeaoa limiting the eadar< 10 aad 100 milliaeoaods. The algorithm assuaes that a 

aace of pnor an Flash EEproo devioo a trappiag of emaia small atmbcr. X bod bits caa be tolerated by 

tlactroas la the acovc diclectnc fQms of the device (see 30 the system (throogh for < 

the Wegener arucie referenced aboveX Duriag pr^ c cne cJimi schcasM tmpia 

grammtng the dielectric used dunag hot ei e uiu D chaa* i , 

oal isjecooa traps pan of the iajected dectrooL During X -0V ThoM would be bti which may have a shorted 

enang the tnaad erase didcctnc lOtrwiM traps some of or leaky taaad dielectric which preveau then tnm 

the tunneled dectrons. For eismple. ia prior an trassis- S3 being erased evea after a very loag enae polsa. To 

tor 200 (FIO. 2) didcctnc 213 traps dectrons ffl region avoid exceasve erasing the total amber of erase pulses 

207 donng prograomiag aad ia region 20S duriag eraa- ia a complete block ems cycling caa be Uaated to e 

tag. The trapped dectraas oppose the applied dectnc praset amte. nm^ AV fs tte vohaga by which each 

Add ia sobsequcat wnte/erase cycles thereby caasmg s swesdw nse polae is iaocmotad. TypicaOy. AV is 

reducooa in the threshold voltage shift of V^. This caa 40 ia the reap beiwca QlISV sad IXtV, Fct ^'-tH, if 

be seea a a gradual dosara (FIO. lU) in the voltage V| ailOV aad AV^I.OV.thea the seveath erase poise 

-wmdow bewccn the *ir and "1" stales of prior an will be of magnitade Vuutf»21 tad doratma t A 

devices. Beyond approximatdy 1 x 10* prograoi/ense oeil is ooo^dcrad to be feUy crisid whca its read e» 

cycles the wudow doture caa become su/Hcieatly daetaace a greater thaa I-r. T^MaumbcrS of eeoplett 

levera to cause the seasmg circaitry to aialfuneiioo. If 43 erase cyehap T ' rwftfiK-rtl by each block is aa impor* 

cydUng u ceDonuad the device eventually expcrtescca teas iaformatiOB at the systan leveL If S fa kaowa fv 

caustrophjc failure due to a ruptured dielectric Tliis each block thea a block aa be raplK^ satomaocally 

typnily ocean at bcrweea IxtO^aad iXlO'cydca, with a new rcduadcat block oace S mehes 1 X 10> (or 
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uy other let nunber^ of pngnro/enM cvcles. S is let da require oniy tcvcrmi more voiti|e inoemcnts 
tr zero minilly. utd is inermcnied by one for each to overcome Oidectrtc trapped charge, which only adds 
complete block crue mulbple pulse cyde. The value of leveral hundred oulUsccoods to thcu tocai erase time. 
S ^ any one tine can be uored by osing for example (c) Die uindow dnurt on the crtsc tide (curve fb) in 
iwtniy bits (1^ equaU spproumatdy 1 x 10*) in CKh 3 RG. 11^ U avoided indefinitdy (unui the devier cipc- 
block. Thit wiy cacb blocit carries its own eodurviee nesoes failure by a catastrophic breakdown) t^^mtf 
history. Alumatively the S vdue caa be stored off chip ^uusi a tunply lacrcmcnted unui the device is erased 
u pan of the lyiiem. properly to ttati "J*. Thua, the new erase aiionUsro 

The tequescc for a complete erase cyde of the new preserves the full tnoury wtnoow. 
alfonthm is u foUowi (tee FIG. U): 10 FIG. U ihowa the four conduction states of the Flash 

1. Read S. This value can be stored in a register file. EEproo devtoea of ibis invcaaaa u a function of the 
(This step can be onuned tf S is not expected to a^ nmbcr of profnza/craac cycles. Since all foor nitcs 
proacb the endurance limit during the operaimg lifetime art always accomplished by profmsmag or erasmg to 
of the device). foed reference conductioo naiea. there is so window 

Apply a Am erase pule with Vca^£«V] 4-nAV, is donirc for any of these suto at least until I X 10* cy- 
hmO. puise duratiooMt. This poise (and the next few dea. 

suoeemve pulse) is insufRdcai to fully erase all mem- In a Flash EEprora memory chip it ■ posshle to 
ory cells, btn it icrva to reduce the charge Q on pro- ifflplemcai efBdcaUy the new cnae algorithm by pro* 
piamed cdls at a reladvely low erase Hdd stress, i.e, viding oe chip (or aitematively oe a separau oootrotler 
i( ts cquivaleat to a '*ooaditioning" pulse. 20 chip) a voluge mdttplkr to provide the aeeosary vdt* 

lb. Read s sparse pancra of cells in the amy. A age VI and volta^ tacremcats AV to bAV. tntag 
diagonaJ read patient for exampie will read m-f-a cells caoutry lo time the erase and sense pulse doraiioa. 
(rather than man cells for a complete read) aad will conntinr arcuicry to count N %aA eompara it with the 
have ai lean one cell from each row and one cdl from stored value for X. reginen to nor* addreu loations of 
each column m the amy. number N of cells aoc 23 bad bit& and ooatrol and leqaeDOng circuitry, isctud* 
AUly craaed to luu "3" is counted aad compared with tag the uutrucDon aet to caccusc the erase >t 
X. oathaed above 

IcIfNisgreaterihanifamy not adequatdy erased) w,» • ^ 
a wmA erase pulse a applied of magmiude greater by Tailored Flash EEprom with New Eme 

4V than the magnitude 0/ the fim pulse, with the tame 30 Machaniam 
poise duretioa. l Read diaf oaal cellL eouac N. Plash EEprem embodimesti 60(b. 70Q«. tOGd, and 

This eyehag of eme pulsc/read/tncrcmeat erase fOQe of this invention uae tunnd craac acroo a rela- 
puhe is cQctDued until either NSX or the number a of tivriy thich dictecoie onde grown oo the teunred sor- 
ense pulses eui»cd Ow The fini one of these two tea of the pdynltooB Ooeting fait. Wcgcaer (see ani. 
oooditiom to occur leads to a final erase poise. U ek rcfercaeed above) has posmlated that nptiiuu i 

2a. The Anal cnse pulse ts applied to aasarc that the maU. bump-like, csrvad furtKcs of diameter of approxi- 
amy ts solidly and fully erased. The migninirtf of Vf. maiely 30 nanomcicn. enhance the electric field at the 
MX can be the same u in the previous poise or higher isjeetor mrlace (in this osc the floatmg gate) by a 
by another tncnmest A V. Tlte dnraoon can be between factor of 4 to S. thcnby allowing cAckat tmd con- 
It and 3l 40 doction to occur even acron a rdativdy thick toaad 

2b. 100% of the amy is read. The number N of cdb dielectric fOm (30 to 70 nanomeurs). Accordingly^ 
001 fully erased is counted. If N is less than or equal to there have been m the prior an efTorta. throogh process 
X. then the erase pulsing u completed at this potnL snps such as high tcmpcratnrc oxidation of the poiysili- 

2c.lf N is greater than X, then addren tocatioa of coo surface, to shape the surface of the polyiilleooio as 
the N uacrxscd bits are gcaented. possibly for tubatmi- 43 to acceatusu these aipemics. Although tuch steps are 
tioa with reduadaot good bits at the ayxtcm levd. If N reprodudble. they an empshcd m natM somewhat 
IS ugmTicaatly larger than X (for example, if N rcpre> conly to tmpicmenu and not well 
aao perhaps 3% of the total number of ceUs). then a A new approach is *<i*^y*trl m this invcaiioa which 
flag may be raised, to indicate to the uaer that the amy renin in a ttghty reprodadbU. *-*»««*^ dacmc field 
may have reached its end vince end of &fe. 90 tunnd erase which ■ more efBdent thaa the •frtrnw 

2d. Erase pulsiag is ended. oMihod yet simpler m implmnem ia several EEpitNa 

3a. S IS mcremeated by one and the a«w S Is swred a«d Plaah EEpma dcvicaa. In this approach, the float, 
for ftxturr refercaoc This step is optioaaL The new S iag gate layer ii '^t^^ ia • v«nr thin layer. tyacaUy 
can be tisrcd ether by wtinag it into the newly craaed ia the ranfe twrinaii U a^ 200 Thk Is 

block or off chip m a separate register ma. u much thinner than floazug gases of aU pisv an Epron. 

3b. The erase cyde ts ended. The eooplrte cyde is EEprom or Flash EEpnn devicca. which typiaUy use 
expected to be mmp l et e d with between 10 to 2) erase a layer of polynlicon of thickacn as least 200 aa»crc:r- 
pulses and to last a total of cpproximatdy one second. tera. and auaily more like 390 to 4S0 noomescn. T^e 

The new algorithm has the following advaaugcs: prior an poJyaUieoa thichncas is chosen to be higher 

(a) Noedrintheamyexperuneothepeakdeetric «0 than 200 naaomeiers pnmorily banae of the lowv 
field nrexs. By the. time V^jusf is incremented to a sheet rcntrnty aad betttr quality polyosidca provtfcd 
rdatrvdy high voluge any charge Q oa the floating by cl» thicker potysUooa. In canaia prior an devioa 
gates hu dready been luuuvul ia previous lower volt^ tuch as the Ettaa spht chaand Eprom the floatmg gate 
age erase poises. alio aervcs as an implant maak (FIO. 46) aad oiusi thc»- 

(b) The toul erase time is (igaiflcaatly shorter thaa AS fore be laflicictttly thick to prtvot p**> T^fTm i of the 
the Axed V^jtofpulse of the pnor arL Vvgia devices implani iooL Uk«wtsa. ia the split r*»fi>tl Epran cm- 
lee the oununum pulse dumioa aeoesaary to erase. bodimait SOQe (FIG. Sa) the spacer formation (TIGS. 
Devices which have undergone more than 1 X 10* cy- Sdthrough S/) cannot be readily impieaotcd if noaimg 
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gaie SOAtf IS 100 ntnometen or less in ihicknas. How* Equauoa (4) btncally »uta that when Cf h very tmail 

ever. Eprom innntior 1400 (TIC. 14r) and Huh ££* rclauve to Cr. ihen esscntuiJy 100% of the croc volt- 

prum irtntitton 6OO0 (FIG. 60!. 70Qa (FlC. 7aV tOOtf &(t ^£JUS£ u efTectively applied acrou the tuaad 

(FIC.40> and 900tf (FIG. 9a\ as well u the Kuocc pnor didectnc layer of thickacu t. This aiJowi a reduction of 

an transistor 2006 rFlC. U) can ail be impicmenied 3 ttie maiiutudc of Vfx^xf neceuary to true liic device. 

»ith a Ooaiuai |atc of ihicknas )00 nanometers or lea AUa a very small Cf allows all other device capaa- 

to achieve a sj(nit'icani unprovcmcni in crise efTiciency. taaces contnbutmg to C r(in RG. 10) to be made tmaU. 

The reason for |Oin| 10 such a thm layer of polyiUi- wbich leads 10 a hx$hiy scalable FUsh ££prem device. 

COS u that the cdga of tbc floating gate to such a thin thinner floatmg pte also helps to improve meulia- 

layer cas be tailored through oxidation to form «• *<*P coverage and to reduce the propensry to 

irtmcly sharp-opped edgo. The ndius of curvature of poJysUicon stnogen m the mano/acmnag proccu. 

these tipped edges can be made extremely small and is Two other poinu are worth aoQa«. Rm. the very 

dicuted by the thicknen of the thin polyslicon film u t[tiA\m% gate should not be overty heavily doped, to 

well u the thicknen of the tunnel dieleetne grown. penetrmnon of the dopant ihrtwgh polyiiU. 

Th^efort. tunnel er»e from these sharp ups no longer »3 ^ »»" <****«nc Sioa floatmg gate 

depends on surface aipennes but mauad u dominated ^ « "^f.^ "J "TLSfJfl"'"- * 

by the up itself. rMaovny of between 100 and 10.000 Ohms per square 

Aa an lUusirt'noo of this modiftcarion. conider Flash "* 5™ aacepuble^ ^ w 

EEprom tramuior tOOe (FIG. ic) m two difTerent em- _ ^Sjctmdly. 0 d nmxaaiy to enwrt thai the ihirp opt 

bodimcBti, a relatively thick floating gau (tnnsittor » «h« floanag fau are adequately tpMd apart or tao- 

MQo shown ID FIG. U and HO. I60) ud the same from comrol gaie^WM u w^^^ 

tnasttor modifled 10 have a very thin floating pte ^f.«'~J^ t^"^ " 

(tnnsaior MOM shown m HG. 166). In the croL sec ^ " the sharp op mj^ aechanom cn be 

txm view of HG. 16e (corresponding to dtrecnon AA „ ^i'**^^ uamtended partial cnae 10 thcM 

of no. lax floating gate Mte is approximately 300 " «»^»«* may take place under the vo tage cmdmons 

oaaometen thick- lu vertical edges I62d. are pftvttUngdanngdevtapro 

shown having a multitude of small asperities at the "wwrtance condition). Thu proMea u not necnui^^^ 

surface. Each asperity aos u an electron injector dur- » "f?? agam at eqjunow (1). U) 
uig tunnd erase (shown by the directwn of the arrow, 

am» tunnel dieleetne Uyen I61e. UU). Injected » 2^ ^S^tSTfl^f ei^fat^^lil^ 

deeuons arc eoUected by erase gates m 130 which n^between the floatmg j^t at «s cdgei 

• itae three surfaces u much ten than BuusM- Ncver- 



ovcrlap vcracai edges lOe. Ulo. 



By contnst. the cnaaa section view of modifled tnn- iSSTlili^ util'^^'i^L^ltl^'^^.^ 
sisor lOOM U shown m RG. I«6 (along the sane crt» geometrical Uyout of any floaaag gUM tmsator 

seet»n AA of RG. Id) show. . tr««stor with floatmg " ~« » ^^^^ •»« ^ 

^ SO*!^ of thicknea. 100 nanometer, or less. Dielec' J^^.'tr^LS^^ SStS/ 

tnclayenW4««lW7„wdla.controlgatel09canbe SSLTS^S^ 



the same u in transistor tOQa 



CKmngoxulanonofth. thin vertical edges of floating ^ ^^JL^^^^'IZ^^ 

2tl04Mtofcrtntunnddielec^ 5?7rS?vi^^ b^er fJL^^^ 
both top and bonom surfaces of the thm floatmg fate at 

sharp tipj roi. I70r being formed. These tips serve aa ^ highfiSl tunneling Ml to the er»agau MO dcpoa- 

very efnaent electron mjeaor, (shown by airowa S aSWafX^ 

acxon tu^l dieleetne .61M. «iva Injected elec "V.S.^^'SS^^e'^:^ 

ST aik* ™e ».« brfoft the floanng face. Eraae gau i30 betch^Jo« to 

US. m which overtap these sharp-uppcd edges. cmi* a , ■ ..^TTli- cie^Tta iu tntsn tuHn. 

Apan from the very emdent and highly reproducible ?Sid emedSttST^ mrw^foUoJ^dby 

a,««^haraaew^^ thiatosong pte ^.p^^^ ^ formabon ef floatmiftuW Floatmg 

of uantator MOM there is an addittenal benefti m that SatoTflUi the narrow re«trant avitv when a sharv 

the capecuance berw«n the floatmg ya u at hi dp and ^ u fonn^t whkh ladliuto the to'gh (Wd tZe^ 

the erase gau IS mochsmato than the cor^^ S ML Note that the device of HO. IWhaa atpertties 

capwitxnce 1^ aU oth^ embodunems. mdtu^ tnwu. „ ^ ^j^ac of the e»ae gate where.* aU other 

tor lOCto Therefore, from equations (IX (2) nwl (3) In .^vieo deaenberi in this inv«!ao. have aipentie- 
lecQoe VI.a-. since 



famed at the (urfaoea o£ their floaons sate. 
Cf < <Cr. VXXL Flaah EEprom Memory Amy Implrremtaoons 



Therefore. * 



The Flash EEprom ceUt of thii isveation can be 
40 hnplrmfntnd in dense memory arrays in sevml diilier- 
em amay airhitrmiret> The fim arehiteoure. shown in 
FIQ. 15a. is the ate oomBomly used in the iadttsry for 
fcjUtf"(^CJUSf-0/C;Vt Eprom amyt. The 1x3 array of FIG. lie showe two 

rowt and three oohmms of Raah EEprom tmtnora. 
When QmQ (virgm device), then U Tmmsion TIO. Tit. TU along the flra row share a 

rmmnn control gau (word line) and a uimitMm aottree 
'CAur« *^tjust/t <4) S. Each craasatof in the row hat its own dnia O cob- 

naoed to a column bit line which is shared with the 
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drams of aJI other iraiumon in the umc coiuma. Tht 
floauAg pta of fell trumston art adjacent ihctr drains, 
•way from ihor waren. ErtM Ima art shown runmag 
in Iht bit line dirccrioo (can alio run in ibe word tine 
dirccoon). unth eacb cruc line eoQpkd (throogh the 
erase dielectric) to the floating gates of the transtton to 
the left and to the nght of the er«se Use. The volage 
coBdmons for the differcBi mods of opcnoen are 
shown in Table I (F10. Xta) for the adeaed cell as wcU 
as for uiisclected ceils ihanng ether the sane row 
(word line) or the saac coluffln (bit line). Durmg btoci 
erase of all the ceils in the amy. ail erase lines arc 
brought high. However, it is also possible to cruc oaly 
aecton of the amy by taking V high for pain of 
erase ptcs only ia thcM wcm, kctpiag all other erase 
lianaiOV. 

A Mcond Flash EEprom moory amy architecture 
which lends ioelf to better packing density thu the 
amy of FIG. iSe ii known u the virtual ground amy 
(for • detailed descrrpdoa oTthia amy architcetttrc wc 20 
the Kanh pami rtfcreaced hcrcm). A topdoficd 
view of tuch an amy of cells wu provided in FIGS. 4a, 
7e. ta and fc. A srhrmity reprocmauoa of a 2x2 
virraal ground SMiaory amy correipondiag to the 
amy of FIG. <e is shown in FIO. 196. In a virtual 2S 
ground amy. the louree and drain regions are used 
interchangeably. For euraple. dif^tsioa SOS u used as 
the drain of traasator 600e and as the source of transis- 
tor Wt. The term **virtttal ground comci fron the fact 
that the ground supply appbed to the source b decoded M 
mher than hard-wvcd. This decoding aUowt the 
Morce to be used interchangeably as ground line or 
dnia. T^c opcnnng coaditiaRS ia the vimal rround 
amy arc given in Table 11 (FIO. 17b). Tbcy are cueo- 
ttaDy the same u that for the suadard architcciare 39 
nny. except that all source and drain oolomns of uaae- 
leetcd cells are left floatiag daring programming to 
prevent acodentaJ program disturbance. Ourag read- 
ing alt coiuffltts are puUed up to a low voltage (about 
1.9V) end the lelected cell alone has iu »urce diff^on 40 
puUed down close to ground potential lo that its currcm 
cn be sensed. 

The emy can be erased ia a block, or in enore rowt 
by decoding the erase volugt to the corropoodxng 
cme lines. 49 

While the embodtmcno of this tavcntion thai have 
been described are (he preferred implememaoons. thoae 
skilled ia the an will uadcnuad that variations thereof 
may also be poasUe. In parbcalar, the apiii channel 
Flesh EEprom devices We. 700a. lOOe and 900a can SO 
equally well be formed in eenjnnciion with a split chea- 
ael Eprom composu transistor SOQf havinf chaanel 
poraom LI sad L3 formed in aooordaace with the 
ooe*iided ipac0 sequence outlmed in FIGS. 96 through 
S/ or ta aooordaace with Epiom tnaiistor 1400. or 99 
wnh Eproffl transmon formed ia aooordaace with 
other ielf>aligniag prooeas tnrhniiTiOT or. ahogcthcr in 
eon seif-alifmng methods such u the ones employed ia 
the pndr art by Ehaa. Simarhia Massoka and Harari 
Therefore the invcatioa is eataicd to procecaon within iO 
the full scope ot thk appended elaina. 

It is flaimrd* 

1. A flash ekctnally erasable aad programmable 
rc^ only memory cell, oonprtiing: 
a scmioonducter subctrau eontaming a lOuree regien 4S 
aad a drain region spaced apart m a flm dmcaon 
a rarface thereof with a chaaad rcfioa 



a floating gate poaitwned at least partially over but 
insulated from said channel region, said floating 
gate havmg a first prcdetcrmiDed dimensioa be< 
twcen opposing edga themf in a second direaion 
across said lutsnte tuifaee that ts suonaatially 
perpendicular lo said fim direction, uid opposiag 
edges being positioned outside said channel region 
on opposite sides thereof. 

a oootrot gate posicoaed adjacent to but tnsulaced 
from the floatmg gate and the semiconductor su^ 
stnte. 

a pair of erase gates spaced apart in said second direc- 
cioB by a second predetermined d itnnwno which a 
lea than said flni pradctermincd dtmrnfinn and 
enated to casend a pan way aooo the floating 
gau from its said opposing edgM. thereby to form 
toaael erase regions of owlap between the float* 
iag sau and the pear of erase gttea. aad 

a dialccme poaitioMd becwen said Honting pat and 
smd pair of erase gases in laid tunaei erase regioos 
0^ ovolapt said dielectric being pontiaoed ia 
camaei with opposiag sartaccs of said floatiag asd 
erase gates aad chancteriaed by allowiag eleecn* 
Gil charfe to nsmel between then, 

whereby a total area of said tmuel enae regions of 
overlap a determined by the difference between 
said fbit and second pradctcrmioed dimeasiaBs aad 
is inaeasnve to maalignmat between the floating 
gate and the pair at crmse gates in said s«Bon4 direc* 



1 The memory eeO acoordiag to claim 1 wfacrma said 
pair of erase gats ara posiaooed oa a top furfrce of said 
floatiag gate fadag away from said substrate. 

1 A flaah elactrieaUy craaable end ptoframmable 
read only Bcmory ceil. ooBpnsmgi 
a temsconduetar nbemtc ccaiaiaing scarce sad 
dnta rcfioos cloncated ia a first dir ccoon across a 
sortue thereof aad separated ia a seoead direetioa 
•aon said tobsrate tvUot by a chaaad refioa. 
aid fta aad second direetiaas being lubataatiaUy 
perpendicular to each other, 
a floenog ptc postioned at leaei paniaUy over box 
iiif ^Uf*< fnn said ch^n^ rcgiOQ. said floatiag 
pte haviag a predctenained rtimrnsinn b c rwten 
sataauiiaUy parallel oppoemg edges thereof ia said 
ftim ducctioa. 
a par of erw gatea haviag subnaiially parallel op- 
poang edges spaeed apart a dtstanee in said flrit 
direcooo tha is lea tfaa said predetermined d>- 

ttae* fl'^*"*g gate from is said opposing e dg e^ 
tberaby to foni regioos of ovdap b n w um the 
floaiBBg gate opposiag cdgo aad the pair of erase 
gate opposing edge with a total area dciermiaed by 
the difference bcr»cen said pradeteraiaed floatiBg 
gate aad said erase gate spaciag dis* 

a tnmel dielectnc p oai tioa ed becwcea oppoaag lur* 
fiseaa of said floeimg gaa aad said pair of erase 
gaes subecaatiaUy thnvughoot the rapoos of ovv> 
lap b at w aaa them, aad 

a eeotrol gau poiirioofri adjaceat to but tasalated 
flroa said pair of ena gato aad ate overiyiag said 
floaiag gate. 

wbareby a total am of overlap b er we en the floatiag 
aad erase gaia a insensitive to misaligninrm there* 
1 ia said fira dirccnoiL 
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4. The mcmof7 cell tceordinf lo eliun J whcrcm taid 
flotung ptc extends id uid wcoad direction over oniy 
t porvon o( ihi chiaocl rcgwa idjaceni to utd dnia 
rcfionk And fun her whtrcin uui control gate a poti* 
tioncd ow uiotAcr pomoB of the channel region ad}4< 
cent to uid lource region and uparated from uid lub- 
ttntf by a thin gate dielectric. 

9. The mefflory ceil according lo claim J whercui uid 
pair of erne gaici extend in anid second direction he* 
iwttn uid source and drvin regiont and arc located 
close to ta«d lubiinte with a gate dideccnc thcrebe- 
rwen. thereby fomsg f^ plates that elcctneaUy 
isolate uid ehaand region and adjacent portions of said 
lutetrate in uid ftm dirccnoa. 

1 A rush dcctnolly cmabte nod prognnunable 
read oaly memory cell, cooxpnsing: 
4 soucottductor tufasrau conuiaiag a tourec regioti 
aad a dnia repoa extcading in a ftnt direcuoa 
acnns a lurfacc thereof aad being separated ub * 20 
sacoad dirccboa acron uid subttnte sarface by a 
duaad refion. said flrn and iccond direeuens 
btiag lubitAatially pcrpcndicuUr to each other, 
a fSoatiag gate extending at least partially acrou said 
substnie chaaaci regioa ia said second dircawa 25 
but iBsuiated ihcrefrora aad having sidcwalU at 
oppontc edges thereof ta said 6ni direcooo which 
art locucd outside of said channel repon. 
a cootrot gate positioned over but iniulated from the 

floating gau aad the semiconductor tubftrtte. x) 
a pair of cnse gates cxteadiag ta said secoad dircc- 
boa betinwn said louree and drtia regioas and 
pnwnnnfTl aloeg said opposite cdgo of said float- 
tag gau aad adjacent to aidcwalls thereof, aad 
a ttmad dickcthc exiCBdsag bcrw ee n at least one of 39 
lbs floanag gate sidcwails aad its adjaceat cnse 
gata. 

7. The memory ct0 according to claim 4 wherein said 
floamg pu extcads acrou oaly a pemoo of the chaa- 
od rcfioa la said seeood direcDon adjacent to said dnia ^ 
repoa. aad further whercia said control pte is posi> 
tjoBcd ova* aaotber portion of the channel regioQ adja- 
ccm to said louree rcfioo aad sepantcd from satd sa^ 
stnu by a thm gau dielectric 



a floatuig gate extending at least paniaUy across said 
tuOBratc caanaci region in said second dircettoa 
but tasuiated therefrom. 

a control gite potuioaed over bat insnlated from the 
rtoatuig ptc aad the semiconductor sttbctnu. 

a pair of ermae ptcs positioned on opposnc sides of 
laid fluting gate m said Tint dtrecnoo and extend- 
ing acrou said chaanel 10 a second direcuoa be- 
tween Uid source and dnia regions at kaa oac 
erase gate aad the floaimg ptc having capaative 
coapliag thercberwce& and 

a thia ptc dielectne sepanimg each of said pair of 
enae pto frtnn the chaxmd rcpoa of the sub* 
loite. ihcreoy to provide dectncal iMliooa of tbe 
tBcmory odl in said Urn diracnoo. 

U. A fluh decxneally cnabk aad programmable 
md oaly aumory ceil eompnsiar 

a ■amirnnrtiinnr ssbnnu ceaouaiag a source regioa 
aad a dnia rcgtoa ia a sarface thetof and sepa- 
rated acrom said sur&ce by a cbaaod regioo. 

a floaoag pu poei boned at team partially over bat 
iosalatcd from said chaaad regioa, said ftoanag 
gau havmg a givca dim*'***"** bci w aaa oppo sin g 
edges thereof ia a diractioa perpcadicalar to a 
dirccnoa berwcen said scarce aad drua rcfiooa. 

a eoacrol ptc exteadiag acrou but insulated from 
said floauag ptc. said coatrol pu haviag a dimcn- 
tioa in a direction cxieadiag bcmwca aid Ooatmg 
gate opponnf edges that is leu thaa said givca 
dimessioit thereby eausiag a top tartbcc scfmeat 
of the Aoatmg pte adjaceat ai least obc of said 
oppofifig edges 10 be pontioaed otusadc of laid 
cGBiroi gnfe 

a nmma dieketrie layer carried by ai least a porboa 

ai taid floanag pu top toxUot scfmcst aad 
aa enae gate exteadiag acreo said timad didecoic 
layer aad iasalated from said control gau ia a maa- 
aar to capacitivdy eoople the cmc gau with the 
floating pu a a twmd enae Rfioa haviof aa area 
thai is iiucBsitivc to minlignmot b e tw caa said 
cfiM gau aad said floatiaf pte. 



IX Tbe flumory cell aeeonliog to claim U wbcreiB 
uid floatmg gate is podbsaed over only a ponioo of the 

_ ehaaael regioo adjaceat to said dnia refioB. aad ftmhcr 

a.Ttememor7^11tceortiagtodaim<wheniauid « wheresn add coatml giu exuads over another porboa 
pair of enu pie are locaud dou to uid tutasnte pfthechanad reym a djacent to uid syrceregwc aad 
with a gau diekctne therebetween, thereby formmt » itpanud therefrom by a ihm gau duUetnc 
Add plalTthat dectncaily isoUu berwcen uid duaad ^J^''^^ »»4 prognmmabie 

refua aad adjacem portiooa of aid sutaatnu » «id , ZlS!; !!!!' ^^^ 
flntdirvcQoa inr— ut • 

f . The memory ccfl sceoniiaf to daim # wbcreia 
each of said sidewmUs of said floaug pte mm aits 
aspente^ thereby to m hence aa deccroa ujeeooo cffi- 
acscy of said sidrwdla. 

ta The memory ceil according to claim < wbcreia 
each of sad opposmg edges of said floaiiBg gme is 
formed into ■ sharp up by virtae of the gau bdag saiB- 
ciatly thta. thereby to fttfiaace the deetroa ia>ecboa 
cAcieacy of said sidcwaUL iq 

tL A flash eketncaily craaable aad prograaaauble 
read oaly memory odl damprifiag: 
a acBiooaduaor sutaaomu coauiaiag a source repa 
aod a drau refioa exuadiag ia a ftnt direetioa 
aooas a surface thereof aad being sepantcd ia a 49 
seeond dirceno* across uid subnrau tarfaee by a 
ehaand regna. said flm aad seeood direcboas 
bang siihstsntially perpendicular to each other. 



panlid sooree aad dnia refion clo e ptcd ia a 
fini direetioa acron a lurfbcc of said satasntt aod 
•f^^ ia a Mcoed dirKtioa acrocs said sabctnu 
tarfjMe by a chaaad rcfion. said Om nd sacoad 
I bdog ttihtiennslty perpenriimlsT to each 



a lloatiBg pu fbnnod of a fta decsically ooadue* 
owe layer and poatrinneri at least partially aoou 
bv jntalatorl from said ehnad regioa said floatiag 
gSBS haviaf a predcxenuaed diaussioa ihcrcaaou 
ia aaid flm diraeboB betwcBB BubetaobaUy panUd 
oppocmg edges theraoC. 

a pair of cnse gates having oppodag edges sabctaa- 
tkUy paraikl with sad floanag pu oppodag 
adfo end spaced apart a dittanffc ia said flm dirac- 
tioa that is ka thaa said predctcrmiaed dinuoaioa 
aad oruBtod to cxicad a pan way aooa da floa* 
iof gau from each of itt said oppoaiag cdpi. said 
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erts« |ttcs bcmg fomcd in • teeond dcetheaily 
eoDductivc igytr utd eitcadms m the iccond di- 
reeuoo bciwcca the looret tad dnin rtfioni. 

• laycT of tnnnci didcctnc pautiancd tobttwccn said 
floAuni gaic and uad ena* pts la tt Icui a pot* 
(tea o( *n arci of overlap thertbciwccn, and 

« eoatrol gatt extending m uid leoond dimon 
asoa ano tnsuiatcd from laid ftoaung gate tnbc- 
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id pair of artsc gaici. said eoatrol pie 
being fomcd of a third cleetncaUy eoadueave 
Uy«r and being ixaulaicd from said eme ptcL 
11 The Bwnory cell aceordiag to claim U whertn 
said layer of tunnel dielectric atcnds tubttaAtully ro- 
lirdy acnm an area of overlap b e r waa the floating 
gau and the erase gate. 
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